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TH E art of Mzcaanics being the fir that men bad occafion + 
to make uſe of, it is reaſonable to ſuppoſe that it took its be- - 
ginning with man; and was ſtudied in the earlieft ages of the world. 
For no ſooner did mankind begin to people the earth, than they 

wanted houſes to dwell in, cloaths to awear, and utenfils to till the 
ground, to get them bread, with other neceſſaries of life ; and beins _ -" Ay 
' thus deftitute of proper habitations, and other conveniences of living; | 7 8 
their wants muſt immediately put them upon the fludy of mecha- 
nics. At their firſt ſetting out, they would be content with very . 
little my ; gan to get _ — by experience * rea- | 

ing, eing unacquainted with. numbers, or any ſort of cal- 

— and having neither rule nor compaſs to work by, nor in- 
ftruments to work with, but ſuch as =, muſt invent firſt of all, 
nor any methods of working : with all theſe diſadvantages, we 
may judge what ſort of work they were likely to mate. All their 
contrivances muſs be mere gueſſing,” and they could but ill execute 
what they had ſo badly contrived, and mu be continually mending 
their work by repeated trials, till they got it to ſuch a form as 10 
make a ſhift s fre flb the uſe deſigned. And this is the firſt and 
loweft ſlate of mechanics, which was enough to give a beginning 
to it; and in this flate it doubtleſs remained for a los time, 
doit bout much improvement. But at length as men found more 
leiſure and opportunity, and gained more experience, manual arts 
began to take their riſe, and by degrees to make ſome progreſs in 
the world. = 5 * 

But we meet with no conſiderable inventions in the mechanical 
way, for a long ſeries of ages; or if there had been any, the ac- 
counts of them are now loft, through the length of time; for we 
have nothing upon record for 2 or 3 thouſand years forward. But 
afterwards we find an account of ſeveral machines that were in 
ſe. For we read in Geneſis that ſhips were as old, even on the 
mediterranean, as the days of Jacob. We likewiſe read that the 
Philiſtines bt 30 thouſand chariots into the field againſt 
Saul; /o that chariots were in uſe 1070 years before Chriſt, And 
about the ſame time arcbitecture was brought into Europe. And 
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Jabel of mechanics. 


Ton Par ERLESAD E. F 
2030. gears. before Chriſt, Ammon built lang and tall ſhips. cuir . 


Jail, vn tbe ved ſea and the mediterranean.” And about 90 years 
after, the ſhip Argo was built; which was the firſt Greet veſſel 
that ventured to paſs through the. ſea, by belp of. ſails, without 


feebt of land, being guided only by the ſtars. Dædalus alſo, who 


lived q8o yeur before Chriſt, made ſtils'for ſhips, and invented 
ſeveral ſorts of tools, For. carpenters and juiners to-work with." He 
alſo made ſeveral, moving ſtatues, which could walk or run of 
themſelves.\, And about 800 years before Cbriſt, ue find in 

2 Chron. xv. that Uzziah made in Jeruſalem, engines invented 
by cunning men, to be on the towers and upon ibe bulmarłs, to ſboot 
arrows and great ſtones withal. - Corn mills. were, early invented, 


far we read in Deuteronomy, that it was not lawful. for any 
man to tate the netber or the upper mill ſtone to pledge; yet "water. 


was nat apply'd. to mills before ibe year of Chriſt 600, nor mind 
mills uſed before the. year 1200," Likewiſe 580 years before 


| Chriſt, we read in Jeremiah xviii. of the potter's wheel, Ar- 


chitas was the firſt that applied mathematics to mechanics, but © 
left no mechanical writings. behind bim: be made a wooden pigeon 

that could fly about. Archimedes who lived about 200 years 
before Chriſt, was a moſt ſubtle. geometer and mechanic. He made 


engines that drew up the ſhips of Marcellus at the fiege of Syra- 


cuſe; and ethers that would caſt a ſtone. of a prodigious weight 
4% a great diſtance, or elſe ſeveral leſſer ſtones, as alſo darts and 
arrows: but there bave. been many fabulous reports concerning 
theſe engines. He alſo made a ſphere which ſhowed the motions of 
the ſun, moon, and planets. And Poſidonius afferwards made 
another which. ſhowed the ſame thing. In theſe days the liberal 


. arts. flouriſhed, and learning met with proper encouragement ; but 


afterwards they became -negletzed for a long time. Ariſtotle who 
lived about 290 years before Chriſt was one of the firſt that writ 
any methadical diſcourſe of mechanics. But at this time the art 
was contained in à very little compaſs, there being ſcarce any thing 


more known about it, than the 6 mechanical powers. In this ftate 


it continued till the 16th century, and then clock work was in- 
vented, and about 1650. were the firſt clocks made. At this time 
ſeveral of the moſt eminent mathematicians began to conſider me · 
chanics. And by their ftudy and induſtry have prodigiouſſy enlarged 
its bounds ;, and made it a moſt «comprehenſive ſcience. It extends 
through. heaven and earth ;, the whole univerſe, and every part of 

it is its ſubjet. Not one particle. of matter but what comes under 
its laws. For. what elſe is there in the viſible world, but matter 
and motion; and the properties and affetions of both theſe, are the 


To 


war, nor beſeige a town, or fortify a place. And the meaneſt ar- 


* en * 
> 1 
2 i | * 
* % 
G <1 * - 


. 
1 


rere „ 
: "fo the” art of mechanics is owing all ſorts of inſtruments to 
work with, all engines of war, ſhips, bridges, mills, curious roofs 
and arches,” ſtately theatres, columns, pendent galleries, and all 

. other grand «works in building. Alſo clocks, watches, jacks, cha- 
riot, carts and carriages, and even the wheel barrow, Archi- 
' teflure, navigation, 'huſhandry, and military affairs, owe their in- 
vention and uſe” to this art. And whatever hath artificiaÞ®motion 
by air, water, wind, or cords ;, as all manner of muſical inſtru- 
ments, water-works, Cc. This is a ſcience: of ſuch importance, 
| that without it we could bardly eat our bread, or lie dry in our 
F ß | | Watts 
By mechanics we come to underſtand the motions of the parts of 
an animal body; the uſe of the nerves, muſcles, bones, joints, and 
veſſels. All which have been made ſo plain, as proves an animal 
| body to de nothing but a mechanical engine: But this part of me- 
chanics, called anatomy, is a ſubjef of itſelf. Upon mechanics are 
alſo founded the motions of all the celeſtial bodies, their periods, 
times, and revolutions. Without mechanics, a general cannot go to 


tificer muſt work mechanically, or not work at all, So that all 
perſons whatever are indebted to this art, from the king down to 
the cobler. | „ 
Upon mechanics is alſo founded tht Newtonian, or only true phili- 
ſophy in the world. For all the difficulty of philoſophy conſiſts in 
this; from ſome of the principal phenomena of motions to inveſti- 
gate the forces of nature. And then from theſe forces to demon- 
© Frate the other phenomena ; all which is to be done upon mecha- 
nical principles. Thus from the diſtances and revolutions of the 
 beavenly bodies, the forces of gravity are derived; and from theſe 
forces thus known, are deduced the motions of the planets, comets, 
the moon, and the ſea ; as well as the motions of bodies upon the 
ſurface of the earth. Theſe relate to the viſible bodies of the uni- 
verſe. But there are alſo certain forces belonging to the ſmall 
Particles of matter, which we are ſtill ignorant f; by which they 
are either impelled towards one another, and cobere in regular fi- 
gures; or are repelled. and ſo recede from each other. For the par- 
ticles of different ſorts of bodies have . different laws ; | fince the 
ſmall particles of ſome bodies attrati one another, whilſt thoſe of 
other ſorts repel each other; and that by forces almoſt infinitely 
various, Upon theſe forces the cobęſion, ſolidity, and fluidity of 
Bodies depend. The nature of elaſticity, elefricity, and magnetiſm. 
Upon theſe alſo depend the principles of fermentation, putrefattion, 
generation, vegetation, and diſſolution of bodies; digeſtion and ſe= 
cretion in animal bodies; the motion of the blood and fiuids in ani- 
N N 3 a N Yo ; ma ls, 
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Tur PREFACE. | | 
mals, and the moving of the members by'the contmand of the will ; 
the exciting ſenſations in the mind; the emiſſion, refleion, refrace- · 
tion; and inflection of light ; freezing by cold, burning by fre; 
all operations in chemiſtry, Sc. If theſe forces could be found out, 
it would open to us à new field in the ſcience of mechanics. But 


Fer want of proper experiments, theſe forces among the inviſible 


and imperceptible particles of matter, are utterly. unknown, and 
exceeding difficult to be diſcovered, and therefore make no part of 
the enſuing Treatiſe. Nor ſhall I meddle with aſtronomy, as being 
a ſubjeat of itſelf : nor. with experimental philoſophy, am further 
| than concerns mechanics. DE | | 
And although architefure has a great dependence upon mecba- 
mics ; yet there are a great many precarious rules in this art, in- 
vented purely, for ornament, and for the ſake of beauty ; which bave 
nothing to do with mechanics. And therefore mechanical beauty 
| (that is, trength in due proportion) is all that I bave any bufme/i 
to meddle with here. | | 
It bas been ignorantly objected by ſome, that the Newtonian 
_ philoſophy, like all others before it, will grow old and out of date, 
and be ſucceeded by ſome new ſyſtem, which will then be as much 
cry'd up as this is now. But this objeftion is very fondly made. 
For never a philoſopher before Newton ever took the method that 
be did. For whilſt their ſuſtems are nothing but bypothbeſes, con- 
ceits, fiftions, conjeftures, and romances, invented at pleaſure, and 
dil bout any foundation in the nature of things. He on the: contrary, 
and by himſelf alone, ſet out upon à quite different footing. For 
be admits nothing but what he gains from experiments, and accurate 
obſervations. - And from this foundation, whatever is further ad- 
vanced, is deduced by ſtrick mathematical reaſoning. And where 
this thread does not carry him he flops, and proceeds no further ; 
not pretending to be wiſe above what is written in nature, Being 
rather content with a little true knowledge, than, by aſſuming to 
_ know every thing, run the hazard of error. Contrary to all this, 
theſe ſcheming philoſophers, being men of ſiroug imaginations and 
. weak judgments, will run on ad infinigum, and build one fiction 
upon another, till their Babel thus erected, proves to be nothing 
but a heap of endleſs confuſion and contradiftion. And then it is 
no wonder, if the whole airy fabrick tumbles down and finks into 
ruin. And yet it ſeems, ſuch romantic ſyſtems of philoſophy, will 
Pleaſe ſome people as well as the ſirickeſt truth, or moſt regular 
ſyſtem. As if philoſophy, lite religion, was to depend on the 
faſhion of the country, or on the fancies and caprice of weak people. 
But ſurely this is nothing but rambling in the dark, and ſaying that 
the nature of things depends upon no ſteady principles at all. But 
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in truth, the bufineſs of true philoſophy is 10 derive the nature of 
things from cauſes truly exiſtent: and to enquire after thoſe Iawws on 
| which thi Creator choojed 10 found the world; not thoſe by which 


be might have done the ſame, bad be ſo pleaſed. It is reaſonable to 
ſuppoſe that from ſeveral cauſes, ſomething differing from each other, 


_ "the ſame 725 may ariſe, But the true cauſe will always he that 


from which it truly and actually does ariſe; the others have no place 


in true philoſophy. And this can be known no way, but by obſerva- 


tions and experiments. Hence it evidently follows, that the Newto- © 
nian philoſophy, being thus built upon this ſolid foundation, muſt 
ſtand firm and unſhaken ; and being once proved to be true, it muſt 


eternally remain true, until the utter ſubver/ion of all the laws of 


nature. It is therefore a mere joke to talk of a new philoſophy.. The . 
Foundation is now firmly laid : the Newtonian philoſophy may indeed 
be improved, and further advanced; but it can never be overthrown : 
notwithſtanding the efforts of all the Bernoulli's, the Leibnitz's, 


 -#he Green's, be Berkley's, tbe Hutchinſon's, Fe. And even the 


| oa have at laſt adopted it, and given up the Carte- 
| 7 1 | 

-  Praftical mechanics might be very much improved, if the ſecrets 
F all trades were to lie open; and the ſeveral machines uſed in 
each trade, duly explained. And experimental philoſophy wauld be 
thereby much improved, as well as the trades themſelves. And one © 
trade might borrow many great helps in working, from another 
trade. It is not ny defign to treat at all on the loweſt part of 


mechanics, which. concerns manual arts or working by band. For 


Ibere is no theory required bere, but only @ habit of working, to 


be acquired by frequent pratiice. 


I have, in the following book, confined myſelf entirely to the ma- 
thematical part, and what depends on it, and is deduced from it. 
And therefore I have firſt of all laid down and demonſtrated the gene- 
ral laws of motion, as a foundation for all the reſt. Then follows 
the laws of gravity, the deſcent of bodies, and motion of projetiiles 
in free ſpace; the mechanical pamers; the deſcent of bodies upon in- 
{lined planes, the vibration of pendulums ; centers of gravit;, and 


others; the preſſure, ſtrength, and fireſs, of beams of timber; then you 


have the principles of bydroftatics, hydraulics, and pneumatics; the 
reſetance of fluids ;- the powers of engines, and the deſcription of 
machines. In each of theſe, I bave delivered all the funda- 
mental principles both in theory and practice. And to make it more 
univerſally uſeful, I have demonſtrated every thing geometrically ;, or 


at moſt, by tha belp only of the loweſs and eaſieſt rules of algebra, 


for the ſake of brevity; avoiding all operations by fluxions :' ſa that 
2 need not be ſcared with the thoughts of am difficuliy of oy 
ns BD Gy a2 i 
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 . Concerning the machines, 1 have given an account f their rue. 


ture, as far as is neceſſary to explain their me tions and effects; omit- 
ting the deſcription of their minuter parts, not ſo neceſſary for this end, 
and which are eaſily underſtood of themſelves. I hope the reader 
will pardon my inſerting among the reſt, ſome machines that may 


ſeem trifling, put in here and there to fil up vacant places in the 


ſchemes. Yet even in theſe, there 13 ſomething curious in their 


ftrutture or motion, that may be worth obſerving. I might. have | 
given the cuts of many more machines; but perhaps what 1 have 
already done, may be thought too much, in Juch a nation as this, 
_ where natural knowledge wants due encouragement, and where no 
Mæcenas appears to paironize and protect it; and where arts 


and ſciences bang, as it were, in ſuſpence, whether they ſhall fland 


or fall; and where public ſpirit and Engliſh generoſity are juſt ex- 
piring. This decline of arts and ſciences, is wholly, or in 4 great 


meaſure owing to the ambition, and moſt extreme avarice of the pre- 


ſent age. Where men, not being able to lift their eyes above this 
eartb, think nothing worth their care, but rakiug together the droſs 
it affords; ſtriving, like the toad, who ſhall die with the moſt earth 
in bis paws. The duller part of mankind are entirely engaged in the 
. purſuit of filthy lucre; and the brighter ſort are wholly devoted to 
low, trifling, and often barbarous diverſions. © In ſuch momentous \ * 
roncerns as theſe, it is no wonder if arts and ſciences flag; and 
natural knowledge meet with nothing but contempt ; and Minerva 
give place to Pluto. And indeed, if the general temper and diſpoſe- 


tion of men had been the ſame in all ages, as it is in this; I am in 
doubt whether we had ever had any ſuchthing as a mill to grind us corn 
for bread, or a pump to draw us water. It is @ trifling excuſe for 
men of exalted ſtation, to urge, that they are unacquainted with ſuch 
arts or ſciences. For learning has always been eſteemed to be under 
the peculiar. care and ſuperintendenty of the great; who ought to pro- 


tect and encourage both that, and the profeſſors of it; or elſe arts 
and ſciences can never flouriſh. And as the encouragement of theſe 


evidently tends to the benefit of mankind, and the promoting of the 
public good; nothing can excuſe ſo groſs a neglect, or ſuch a mani- 
feſt diſregard, as they ſhew, for the happineſs of their fellow creatures. 


* The induſtrious ſtudents only, have the fatigue ; whilſs all the world 
reaps the advantage of their labour „ > AAAS 


Scire volunt omnes, mercedem ſolvere nemo. Juvex. 


It is reported of Alexander bat be allowed 800 talents a year 
to Ariſtotle, to defray the expences, of procuring all ſorts of living 
creatures; ſo that by his own particular experience, he might be 

| is If She enabled 
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of 


are no Alexanders. 


ception it ſhall meet with in the world, Not that I am in the leaſt 
diſſident of the principles . here delivered; for I know they will ſtand 
| #he ſirifleſt examination... Nor would I be thought careleſs. con- 


| book, as full and clear, as my own abilities, and the nature of tbe 


with from the publick , has induced me to reviſe and correct it; 


of a ſhip, 10 ſail the faſteſt poſſible; and the conſtruction of the + 


for compleating ſo uſeful a ſcience. Accordingly ] have made ſeveral 
alterations and additions in this ſecond edition; which are diſperſed 


in building, or making uſe of timber. I have alſo made ſome ad- 

. dikijons and alterations in the table of ſpecific gravities, collected 

from new experiments. Some further directions, relating to the 
conſtruction of mac bines, are alſo added at the end of Sect. XII. 
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enabled to worite of the nature and properties of them. | And 66 
© . reaſon; why the world bath now ſo fem Ariſtotles, is becauſe there - - =»,  - © 
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But 45 ge che fate f this book, it is indifferent to me what re- 


cerning the advantage, which-my few readers may receive from it: 
for on the: contrary, I have done all I could to inſtruft them, and 
lead them regularly through' this noble and uſeful ſcience. But in a 
mercenary age, where there is ſa little encouragement for works 
of this nature; I am under no concern what judgment may be paſſed 
upon it, by the. ignorant multitude.. Tet I fincerely wiſh, that my 
more ingenious readers may find what they expect here, and am in 
hopes, that they will meet with no difficulties, hut what they: will 
eafily ſurmount. To effect which, I have made every thing in this 


W. EMERSON... 
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and to make ſuch further additions thereto, as I thought neceſſary 


here and there throughout the book. But particularly, ? 

In Cor. 4. Prop. LXVII. and in Cor. 2. Prop. LXXVII. 
I bave ſhewn the-ſftrength- of bodies twiſted round their axes. In 
Cor. g. and 6. Prop. LXXIII. I have inveſtigated the ſtrength 
of ſquare and circular plates. In the cloſe of the VIIIIb ſefion, I 
have given the ftrength of ſeveral ſorts of wood, and other bodies, 
deduced from abundance of experiments, which I made with them : - 
which cannot fail being of great ſervice to ſuch as are concerned 


In the laſt ſeftion, I have been more large and explicit in de- \ 
ſeribing ſeveral of the machines, and calculating their powers. And 

14 more examples of machines are added at the end. All theſe ad- 
ditions take up 11 copper plates. But what will particularly re- 

commend itſelf to the public in theſe additions, is, the conſtruction 
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arch of a bridge, to bs the ſtrongeſt 
the notice and attention of all juch, as are employ'd in building 

ips or bridges. 4 vs „ 5 
5 7 cannot find that I have omitted any thing material, in this 
Treatiſe, pertinent to my ſubjett᷑. And as my profeſſed deſign was, 
to write a book of principles; no body of common ſenſe, would ex- 
pes that I ſhould go contrary to that defign, and ſtuff my book 
with calculations of difficult problems, fit only for books of Algebra 


and Fluxions ; and not at all proper for an elementary Treatiſe. 


If I had done this, I had not only deſerted my ſubjeft, and all good 
method ; but alſo impoſed upon my readers, by ſwelling the book, 
and making them pay dear for ay eprom and that to pleaſe a 
few trifling critics, who'know no better. This ſort of animals lives 


| by detrattion, and are always ſnarling at what they don't under- 


ſtand, and cannot mend. | 
If any ſuch ſet of critics, aſſuining the privilege of being die- 


tators fo the public, and cenſors of other men's writings, ſhould _ 


ſtart up, and cry down my book, becauſe not written after their 
crude notions. I would not have my readers be at all ſurprized at 
this : for it would be more Jurprizing, if any thing of value ſhould 
eſcape, without being degraded and condemned by them. And for 


my own part, the only concern it will give me, will be to deſpiſe 


their dull criticiſms, and laught at their ignorance. 


Men moveat cimex Pantilius ? aut crucier, qudd 
Vellicet abſentem Demetrius? aut quod ineptus 
Fannius Hermogenis ledat\Conviva * 


Plotius, & Varius, Mzcenas, Virgiliuſque, 
Valgius, —— probet hc = - Hos. 
W. E. 
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ECHANICS is 2 fans. * dls cocks cis 8 
portion of the forces, motions, velocities, " 3 
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rin | 1 — . - | _ 
N Bodyis & r Ha body yields ts 4 
a ſtroke and recovers its former figure again, Moen p 


ris bracts e, e eee | 
ty of a is t | 7 : 208 
| — — contained in * the e of matter in another body : | ; 
of the ſame bigneſs Thus che denfity is faid to be double or A 
. een ene | 
or 
4. Force is a power exerted on a body ta move it. / I it 48 
but for a moment it is called the force of percuſſion or inpulſe. ) 
If it act conſtantly, it is called an accelerative fn W 
and * rk it is called a uniform acceleratius fare. 
is an affection of motion, by which a body paſſes 
„ The — — | 5 
5 6g em . 1 of : 


To ces; if it Tr it is retarded 5 171 it in- KNEE, oy 
creafes or decreaſes pniformiy, - it is equably accelerated or re- 
tarded. Likewiſe:if its motion be conſidered in tegard to ſome 
other body at reſt, it is called ab/olwfe motion. But if its motion 
be confidertd with witer in motion, then it 


is relative motion. +] 
7. DirZion of mots is th v the ban c. or the right 


. Ine it moves in. 


L *34 LAS $556 1 


— — 


93 (ox 

. : B B. Quan 
” . 

| - + — 

F * 2. 
c # *s 
* — 

A * 

* 2 

* 

= 

4 — 
* 5 . 
- * 85 4 

K % 2 
% 
N : 
4 
o >. Ab. - 
4 K $ ot 
A 


+5 ———— — 
* — - 


) 2 n 
. 8. Quantity of motion, is de motion a body has, both in re- 
„„ gard to its velocity, Nu . tity of matter. F called the 5 
ö | momentum of a body, by ſome mechanical writers. | 
| pay « Vir inertiæ, is that innate force of matter b Which it reſiſts | 
any change, and endeavours to preſerve its ſtate of mo- 
tion or reſt, 

10. Gravity is that force wherewith a body endexvaurs to de- 
ſcend towards the center of the earth. This is called ab ſolute 


gravity, when the body tends downwards 3 in free ſpace: 10 re- 


EE OY bat gravity is the force it endeavours to deſcend with in a 
flui 


Wh OS.” 11. $ fe gravily of bodies, is the greatir or leſſer w of 
ui! | TT bodies r the ame magnitude ; or the proportion deere theſe 
1 | wuoeights. The ſpecific gravity is ſaid to be double or tri ple, 
N | When the weight of the ſame bulk of matter is double or = 
K 12. Center of gravity of a body is a certain point in it, loca 
which the body being freely e e it en reſt in any 
ſition. 
Pol Center of motion of a body, is a fixed point Wen which 
"hw y is moved. And the 869 een is the fixt axis it 
moves about. 
14. Weight ad power when oppoſed to one another, - ily 
the body to be moved, and the body that moves it. That 
which communicates the motion is called che Peer; and char 
which F it, the gs. 
138. Equilibrium is w en por wbote forces ating agninſt one 
; another, ne of them overcome the others, but deſtroy one 
another 8 effects, and remain at reſt. 
166. A fluid is a oy whoſe parts yield to any impreſſed fatce | ; 
and by yielding are cafily moved among themſelves. - - -» 
5 3 Hyaroſtatics is a ſcience that treats of che properties ot 


48. Hydraulics is the art of raiſing or conveying water by the 
help of engine. 


fe Pneumatics is a ſcience that treats of the properties of 
air. 
20. Machine is any mechanical inſtrument contrived to move 


bodies, or to perform ſome particular motions. The mechanical 
powers are ſimple machines. 


21. Engine is a mechanic inſtrument compoled.” 'of levers, 
wh — Fay _ in 2 to i ee, This iT : 

me great wWe or orm ſome great e 18 | 
largeſt and moſt moſt compounded 1985 of 1 


4 
dy 8 5 


22. Me- 


N 
+ 


5 DEFINITIONS. 42; 
5 22. Mechanic rp = ballance; the leaver; the wheel, 


pulley boy: the we ak To which ſome add the 
23. 50 b the effect of a. force = + dais dane, or 


ay thing to break it, or the violence it r gte by that force. 
The contrary to this is ftrength, which is the reſiſtance any beam | 
is able to make a force endea to break it; 
24. Friction is the reſiſtance ariſing from n 
or of any bodies rubbing againſt one another; 


POSTULAT 4. 


"HAT a ſmall part of the ſurface of the -arthy or the 

horizon, may be looked as a plane. Though this 

Wren yet. it differs i ue un a ſpace as 
we have any occaſion to conſider it. 

2. Heavy bodies deſcend in lines parallel to one another, and 
perpendicular to the horizon : And they always tend perpendi- 
cular to the horizon by their weight. For this is true as to 
ſenſe, becauſe the lines a their direction meet only at the cen- 
ve ke brine of the ſame in all 

e weight of any is in at or near 
| thi erte of the earth. . the difference is . at any 
| heights to which we can aſcend. Though in ſtrictneſs the force 
of gravity decreaſes in aſcending, in the reciprocal ratio of the 
ſquares o the hei - the earth's center. 

4. We are to ſuppoſe all planes perfectly even and regular, 
all bodies perfectly ſmooth and homogeneous; and moving with- 
out friction or reſiſtance; lines perfectly ſtreight, and inflexible, 
without weight or thickneſs ; $ 5 — extremely 8 Oc. For 
| tho? bodies are defective in all theſe; and the parts 6r matter, 
wWhereof engines are made, ſubject to many imperfections; et 
we muſt ſet aſide all theſe irregularities, till the theory is eſta- 
| Bliſhed; and afterwards make fuch allowance as is is proper. 


| 3 X 1 O M S. | 
FEN VERY Way perſeveres in its beit Rite, whether of $ 
reſt, or moving uniformly in a right line ; till it is com- 4 
pelled to change that ſtate, by ſome external Wee. oo. : 
2. The alteration of motion, or the motion generated, or de- bo 
ſtroyed i in any body, is proportional to the force a lied: And 
is made in the Grettion of 1 8 right line i in rer the force 


20067 | B 2 3. The 


25 Tho ation and dee ren es bote ee Os 
and in contrary directions. | 2 17 | 
4. The motion of the whole body is made p . the ſum of 
the motions of all the parts. 
5. The weights of all bodies in ado place, are eee 
to the quantities of matter they contain; without any 
to their bulk, figure, or kind. For twice the matter will be 
twice as heavy, and thrice the matter thrice as heavy 7 


ſo on. 


6. The vis ine of all bodies, is is proportional to the quan- 
tity of matter. 
7. Every body will deſcend to the loweſt place it can 
W. 
6 Whatever ſuſtains a heavy body, bears all the weight 
0 wo 
ual forces acting againſt one another i in contrary di= 
he oy one another's effects. . 
10. If a body is acted on with two forces in contrary direc- 
tions ; it is the ſame thing as. if it were only acted on with the 
difference of theſe forces, in direction of the 

11. If a body is kept in equilibrio; the contrary forces, i in any 
xe Tine of Goes are equal, and deſtroy one another. | 
12. Whatever quantity of motion any force generates in a 

ven S ns Aer Faw. 
giren time the fe x acting in a contrary direction. 

13. Any active force will . or more cahly overcome a 
w_ If 3 e puſhes 

14. If a weight be wn or any powers e 
or draws all points of the line of direction 
NT Os we pin of thr fa. the oe is ape 

to. w 
16. If two bodies be movi e 
Urne; their relative motion will be the ſame, as if one 
/ ſtood till, and the other approached, or receded from it 
| the difference of their motions : or with the ſum of their mo- 
tions, if they move contrary ways. 

16. If a body is drawn or urged by a rope, the direction of 
that force is the ſame as the direction of that part of the rope 
next adjoining to the body. 

17. f any force is applied to move or ſuſtain a body, by 
means of a rope; all che intermediate parts of the rope are equally 
_ Giſtended, and that in contrary directions. 

18. If a rung rope e freely over feveral pale, all the 
you of 3 it are RY ſtretched. * 

19. It 


A . 8 BPR 
20. The parts & u bed vil pid, and recede towards that . 
Ta part where it is leaft preſſed. . - | | | ; 


"23, The upper. part of 2 fidid 18 fiſtained by the lower | | p 


of 
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ETD hg 7 MOTION. 


PROP. I. 


T he quantities of matter in all bodies are in the complicate ratio of 
. their magnitudes and denſities. 


OR by def. 3 tudes. be equal, the renter all 

be as the * N denſhies be equal, the mat- 
ihe will bi: xs che gn . Therefore the matter is univer- 
ally in the compound ratio” of both.” AY 


Cor. 1. The quantities of matter in femilar bodies, are as the den- 


| * fities and cubes of the * For A is as the cube 


of the diameter. 


Cor. 2. The quantities of matter are as the magnitudes and ſpecific 


. gravities. For the ſpecific gravities are as the denſities, by Ax. g. 


PROP. II. 


The quantities of motion, in all moving bodies whatever, are in the 
complicate ratio of the quantities of matter and the velocities. 


For if the velocities are-equal, it is manifeſt (by ax. 4.) that 
the quantities of motion wi be as the quantities of matter. 
And if the quantities of matter are equal, the motions will be 
as the velocities. Therefore univerſally, the quantities of mo- 


tion are in the compar ratio of the velocities and quantities 
of matter. 


Cor. In any ſort of motion, the quantity of motion is as the ſum of | 
ay melt of every particle 7 matter multiplied by its reſpective 
velocity. 1 


For 
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| Wall form mats, thefpace ſerie is in the — ratio . 
ele time and-velecity. | 44196 


For it is ee, if the velocity =n, .the f deſcribed 3 ; 
by any body, will be as the he given yh ag | 
time be given, the ſpace deſcribed. will be greater or leſs, ac- | 
cording as the velocity is greater or leſs; that is, che ff ace will 
be as the velocity. Therefore if neither be given, the ſpace 
will be in the compound ratio, of both the time and velocity. 


Gor The time is as the ſpace, ar) eee 


* 


PROP m 


e is a5 ben en 


The motion an greeted by any momentary farce, "1s as"the\ feves that 
generates it. 
1 5 
For if a certain quantity of . generates any motion, a 
a Ho uantity of force, will generate Sable the motion; 80 . 7 
| a triple force, triple the wide and ſo on. | „„ 


8 WY ſpace deſeribed” is as the farce ind tis FR a nd 
| gn of matter reciprocally. | 
For by this, prop. 1 is as the motion. that is (by-P 
1, as; the matter and velocity; therefore the velocity is as 
Force, directly and matter reciporcally. Alſo (by Prov. III.) the 
; ſpace.is as the time and velocity, dat therefore as the dne ind 
ten 9 matter reciprocally. 


e $SEHOLIUM. | wy. ;v bo 


Let * oh or quantity of matter to be moved. 
e Zo Jar of impull; ating on the body b. 
n = momentum or quantity of motion generated in 1. 
5 VS velocity generated in 5. „ 8 | 
7 s = ſpace deſcribed by the body b. 7 
3 time of * the ow s with the een v. : 


GENE RL LAWS 2 yd 
| Then bye gh af Prog, well hmm md ITY 
Jen. By the help of theſe three zropgrfions;. th 
"tion of the ſpaces, times, velocities, Fama 
all ſuppoſitions. And thence all the laws an 


1 * uniform motion, may be readily . — re- 
ae f ſuch as are not goncerned in the queſtion; 
and rejecting thoſe that are given or conſtant; and alſo thoſe 

that are in 3 of the proportion III din 
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tion generated in any time, is in the e u of ne [0 
and time 0 8 


* 1 a 
20 . 
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Far in any given time, . ml Gere en bs propor- 
cone rce that generates it, this being its natural and 
7 effect. And 3 in all che ſeveral parts of time, the 
orce is the ſame, and has the ſame efficacy ; therefore the mo- 
tion generated will alſo be as the time: whence univerſally, the 


motion generated is in the coropaune ratio of both the force and 
the time of acting. 


1 5 Cor I. . This prop. is 1 true in reſdel of e bat or. 
[ll # oO BY moving Lacy, # 4 farce. r in a ME direction. 
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CB. Ifubo ſpate thre which 4 du is cy 5 am few, 6 


divided into an inſnite number of nb deg and if, in each part, 


the accelerative force alis differently, upon the Body, according to a 
cl law. 225 F there be taken the produf? of the accelratine 
L ann) e bythevtine of paſſmg RON il. ee 
hy any uniform acctlerative force x by the time of affng (F 7. ): 
Jo the motion: in that time (M) : : 
un; Sotbe Jum. of all the Ls. of each particular fes oy time : 
.»+To the motion oats thy in this whole time, by the variable force. 
For (by this prop.) the time of deſcribing any part „ by the 
force: motion generated in that time:: Fx : M. therefore by 
compoſition, the ſum of all the products, to the 8 


Z o * 831 
— * 90 dS fs, Sa 1291 74 


cm. 3. The velocity deen! (or abr in any time, is as 
the force and time-direfly,. and the quantity of matter reciprocally. 

For by prop. II. che quantity of motion is as the matter and 
velocity ; therefore the velocity is as the motion directly and 


the matter 3 that is, (by this prop.) as the force and 


time directly, and the menen. 


Cor. 4. The increaſe or decreaſe of am welecity; generated or de- 
bree, any; time; is as the farce and tine death, -and the matter 
reciprocatly. © 

This follows from Cor. OY e ebe are proportional 
to their cauſes. | TIN e 


. . 

* n * * — . 

"4 ty . W 
* Ss 
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deſcribed from the beginning of the motion, is in the complicate 
ratio of the laſt velocity, , and the time wherein it #5 generated. 


- For ſuppoſe the time divided into N number of 
. each of which call 1, and let the times from the 
be 1, 2, 3, 4. ; to f. And let be the velocity 


5 = erated a the end of the time 27 then by Cor? 3. of the laſt | 


velocity generated in the ſame body, by the ſame 

a 2, vill be reſpectively c, 2c, 
36, 40... to tc. And by III. che ſpaces deſcribed in each 
E will be 8 rae: ame (3), and = 


. ” 6 
4 0 - - . 
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GENERAL LAWS . 8 
and therefore theſe ſpaces will be a, 2c, A 6. 3 
ut the 


of all theſe j . the whole ſpace. deſcribed by 
5 of the ACRE Profs or e, ge, 2 5 terms 


„eee, or Ex,. but fe is dhe lat velocity; and the whole 
time, ” imo whole ſpace i is a8 (e360) the velocity and 


time oy junctly. 


* % L * . A 


Cor. 1. if a body 1 moves ere ges eee, 8 


ed by ”@ uniform acceleratius force; it will Beſcribe $wice the ſpace in 
the ſame cr an equa! time, that it deſcribed by the gecelerative force. 


For here the ſpaces deſcribed in the ſeveral ſmall: 
time, will be tc, tc, tc . . &c. tot terms 2 


And the fum of the former ſpaces, deſcribed by the accelerging 


. force, was: X but zc x · is to— TSR EX RY 


Cor. 2. Sia 267 3 e @ body 
into motion; therefore the adequate and immediate 2 
lerating os is wy motion 1 Preſſure or Work” 


SCH OL 


quantity of matter 
2 = 3 ee mike | 


body b. 
v generated is b by the force F. 
m = motion generated in b. 
s = ſpace deſcribed by b.. 
S time of deſcribing the ſpace 5. 


Then the two laſt propoſitions together with Prop. II. wil} 


reſolve all queſtions — to the times, forces, velocities, 
Sc. in uniformly accelerated motions. wakes „G 
y F, and s & iv. ; whenoe we have in general,” 
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Fe 75 45 in Arbe AB, caulft the body t I. 
2 wr K. ſpace AB in any time; and another ſimilar force 
1 ireftion AC, would „ e tho ſpace AC i — . 
gang wig 1 jay by both forces ating toge 5 in-therr p 
reftions, the: body will, in the ſams time ; be moved the 


ſpace AD, 9 5 onal of the ** ADC. 
| CASE I. 


* forces at 4 cauſs the body t to move uniformly al 

the lines. AB, AC. Then ſince the force in direction 
lel to B ax. 2, will not alter the veloci towards the 
D; che body therefore will arrive at BD in e ſame time, 
whether the force in direction AC be impreſſed or not: There 
fore at the end of the . folnwhere fit 
BD. By, the ſame argument, x will be found ſomewhere in the 
ne CD therefore it will be found in Y the point of interſec- | 

| don; and by ax. I, will move in right line from 0 5. 


Otherwiſe. : 


Se ts tus e pants be d nes b N 

BD, ware Fon Don bee Then fince this line atid the 

have. Pink equally moved towards BD, it is plain the body 1 
m Sa in the moveable line 4C. Therefore when AC ; 
| comes to the poſition by, let the body be arrived at d; then 


— 
Te £0 
* 
2 4 


ſince, both the line AC moves uniformly AB, and the bo- 
uk Long Ns herefore it will be a. 204 :: 4B : BD, 
A ae ä | | | 

j Casz n. 


Let the body be curred through 4B, eerie | 


Force; Then: by VI deſcribed will be as the 
i 8. A e f velocy will Yo l e de 


. "pe | GENERA LAWs + HR, 
F 1:6, diretly and time reciprocally. All byte + Prop. E when 
„FF 7 and the body is given, the 2 . is a8 the time. 
. Whence the time will be as the ſpace rectly and time recipro- 
| cally, and the ſpace as the ſquare of the time. That is the 
ſame body ated on by the ſame force will deſcribe ſpaces 
Which are as the ſquares of the times. Now let the time of de- 
ſcribing AB or AC be 1; and let the line AC move along with 
the body, always parallel to itſelf, and in the time t, let it arrive 
at bg, and the body at d, mov ing towards g. Then, from 
en it is as 1: f:: AB: 4b, and alſo as 1: tt 
: by or BD : bd. whence AB : Ab: : : BD: 54 therefore AdD is 
a right line. | 
"And if you ſuppoſe the ſpace to bein the? mh power of the 
time, it will ſtill be, 1: “:: AB: A:: BD: bd; and Aa is 
ſtill a right line for any ſimilar forces. 


CAS E III. 


be carried throu i ir x xi Ear. 
h St would be carried rough AM by an accele- 
f chen by both forces acting together, it will at 
the end A time be found in the point H, of the elo- 
| MAI; but then the line it deſcribes AGH, not be 


3 


I. Fer. 1. The wee in the Arend AB, Ac » AD, are 1 
| trvely proportional to the lines, AB, AC, AD; and i in theſe _— 
tions. | 
_ by Cor. Prop. IV. the time and the quantity of matter 15 
en; the force is directly as the ſpace deſcribed, And 


| X * erated oe; the e 4 5 N. Cor. 3- and 
r. 


Cor. 2. T, 15 t⁰ e forces AB, AC is equivalent to the fagle 
| direft force AD, which may be compounded of theſe two, by draw- f 
ing the diagonal of the parallelogram AD. : 


Cor. 3. Any fingle direkt force AD, may be reſelved into the two 
oblique * whoſe quantities and direBions are AB, AC, having 


the ſame Hess; by deſcribing any parallelogram whoſe diagonal is AD. 


1 Cer. 4. A body being agitated by two forces at once, will poſs 
| = | I through the ſame point, as it would do if the two forces were to at 
wy r and ſucceſſooeh.. And if * neu motion be at 


\ 1 


Seats I. % MOTION. . 


& bodh already in motion, — 10. 
N N | 5 


— 8. 1 in the direftions AB, AC, | 


reſpeBtivel draw AR to the middle of the right line BC, GP WY 
is the 225 rg aut of theſe, and AR its direction. 


PROP. VL. 


Let there be three forces 4, B, C of the ſame. kind, «ing againf 

one another, at the point D, and\whoſe Sui are all in one 
plane; and if they keep one another in equilibrio, theſe forces will 
Je to each other reſpetitvely, as the three ſides of a m—_ drawn 
parallel to their-lines of direction, DI, 6h, CD. 


Let DC repreſent. the force C, and uce AD, BD, and 
compleat the parallelogram DICH: And by the laſt Prop. the 
force DC is equivalent to the two forces Bu, DI; put there- 
fore, the forces DHH, DI inſtead of DC, and all the forces will 
ſtill be in equilibrio. Therefore by ax. 11. DI is equal to its 

polite force 4, and DH or CI equal 3 * B. 
Therefore the three forces 4, B, Care reſpectiv 


Cor. 1. Hence the forces A, B, C are reſpefively as the three ſides 


| of a triangle, drawn perpendicular to their lines of direction, or in 


any given angle to them, on the ſame Js: * ſuch a triangle will 
r to the former triangle. 


Cor. 2. The three 4 ABC will be to each other as the ſues. of 
the angles through which their reſpective lines of direction do Paſs 
when produced. 

For DI: CI: + S. Del or CDB : 8. Dor or CDA. 

And CI: CD: S. Dl or CDA: S. CHD or D or ADB. 


Cor. 3. Tf there be never fo many forces acting 3 any point in 
one plane, and keep one another in equilibrio ; they may be all reduced 
to the action of three, or even of two equal-and oppoſite ones. 

For if HD, 1D be two forces, they are equivalent to the ſin- 
RE C reduced to a 

orce AA 


ce. 4 1 Ae pliner afling a- 
e e 
Aduce 


y 38 DL, CI. D. 


8. 


duced to the force C, in the plane ADB. | 


| had; and if one force be given, the reſt may be 


thing. The force DB therefore having no effect, the 
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ſes See. | 
3. 


two and oppoſite ones. 

RE fe be 4 B f. 1, at | f 
and H, I, be out of the plane 48D. — rr} common 
ſection of the p ADB, HDI; jay mga: 


I” 


8e H O L. 
This Prop. holds true of all forces wha whether of im- 


3 Fortin She N ſi of the — 


kind. 
Hence if three forces act in one 


plane, their 


ons are 
And if 
four forces act, and two be given, the 2 found; 
but if only one be given, the reſt cannov be found; for in the 
three forces 4, B, C, the force C de divided into o- 
ther two, an infinite number of | 
logram DICH about the di 

be any number of forces acting at all be given but two; 
thefe two may de found: : 00" ions of 


them all be given. 


PROP. N. : 
F ow body afts again} another body by gr kind of foes whatever; 
it exerts that force in the ref of a oe poyonenter to- the 


5 Jurfoce whereon it al. 


Let the body Bbe acted on bythe force AB in the direction I. 
Let the body C and the obſtacle Q, hinder the body B from 
moving; divide the force AB into the two forces D, Az or 


Ez, DB, by Cor. 3. Prop. VII. the one perpendicular, the o- 


ther parallel to the DB. then the ſurface Dh receives the 


perpendicular force EB, and the obſtacle © the parallel foros DB; 


take away the obſtacle O, and the force DB will move the body 


B in a direction parallel to che ſurface, with no other effect than 
what ariſes from the friction of B that: ſurface, occaſioned: 


by the preſſure of B againſt it by the force EB; which, if the 
ſurface be perfectly ſmooth and void of win will be no. 


remain». 


ing fc n WA IrPORD 
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wit. W e 
eie ab ee, of vine e Gr 
5 ay 1. . If @ given body B friks anther body C 
| angle ABD, —— tude of the ſtrote will be direBtly as the velo- 
ity and the fins of angle of incidence” AD; and the body C re- 
* that froke in the direflion EB yorpendicular to the furface 
DB. 
| For if the angle ABD be given; the ſtroke will be greater in 


N £2 groge. 


obliquely, at any 


ro 
110. 
3 


rtion to the velocity; and if the 5 AB be given, the 


will be as AD, or 8. < ABD. Or the itude of the 


ſtroke is ONE eons the plane. 
nn bard 
\. Gen Po nag {ax ty te 2 12 2 a Ser 


Albion will be equal to the angle of incidence, 

For the motion at B parallel to the ſurface is not at all changed 
by the ſtroke. And becauſe the bodies are elaſtic they recover 
their figure, in the fame time they loſe it by the firoke z there- 

. fame after as before the 


en body impinges upon 3 bedy; 


magni ale of the rate wil be ibe relative adh between the | 


ne abr Ce ee, UII 


cent coco —.— tude of the freke will le af d e oft by 
IE 45 


| Far the motion im en the — 
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loſes half as much motion as if the bodies were pete elaſtic. i ©: . 
For the non-elaſtic bodies only =o but elaſtic bodies recede 
| with the ſame velocity they meet ich. Wag s, 1. 
r ; CONSIST ene enen, ee. A 
Cor. 6. Hence alſo it follows," that if one body at upon another, 
by ſtriking, preſſing, Ec. the ather-re-alls upon this in the direction 
of a line perpendicular to the ſurface PAIR they act. * Ax. 31 
Nr „ een 
881 8 Lise 24> 14 
542 over e ER AG A 26 
Though the momemtum or quantity af 1 
ble tom quite diftin& thing from the 45 that generates it; 
yet when it ſtrikes another body and puts it into motion, it may 
with reſpect to that other body, be conſidered as a certain quan- 
tity of force proportional to the motion it generates in the other 
Alſo, although the motion generated by the impulſe of ano- 
ther body: is conſidered as generated in an inſtant, upon account 
of the very ſmall time it is performed in; yet in mathematical 
ſtrictneſs it is abſolutely impoſſible that any motion can be ge- 
nerated in an inſtant, by impulſe or any ſort of finite force 
whatever. For when we conſider that the parts of the body 
which yield to the ſtroke, are forced into a new poſition; there 
will be required ſome time for the yielding parts to be moved 
through a certain ſpace into this new poſition. Now during 'this 
time, the two bodies are acting upon each other with a certain 
accelerative force, which in that time generates that motion, 
which is the effect of their mutual impulſe. So that it is plain 
that this is an effect produced in time; and the leſſer the time, 
the greater the force; and if the time be infinitely ſmall, the 
force ought to be infinitely great, which is impoſſible. But by 
reaſon that this effect is produced in ſo ſmall a time as to be 
utterly imperceptible, ſo that it cannot be brought to any cal- 
culation; upon this account the time is entirely ſet aſide, and 
the whole effect imputed to the force only, which is therefore 
ſuppoſed to act but for a moment. 
The quantity of motion in bodies has been proved to be as 
the velocity and quantity of matter. But the momemtum or 
quantity of motion may be the ſame in different bodies, and 
yet may have very different effects upon other bodies, on which 
they impinge. For if a ſmall body with a great velocity im- 
pinge upon another body; and if, by reaſon of its great velo- 
eity, it act more ſtrongly upon the ſmall part of the 1 


* 


. 


* 


q * 1 
- -_ + vg 


| ges. — 8 by het: „5 an. 4 


- whichiti — ah EIA 
| GER part acted on, will, by this rous ac- 
tion, be — 7 — the reſt ; whilſt 3 the very 


N little: or no motion is eee 


of 1 
the reſt of the But if a great body with a ſmall velocity 
c 


another and if by reaſon of its ſlow motion it 
does not act ſo 5 8 exceed, the force, of coheſion 3. 
the part ſtruck will communicate the motion to the reſt of the 


body, and the whole body will be moved together. Thus if a 


* 


bullet be ſhot out of a gun, the momentum of the bullet and 

ual ; jorge bye oe will ſhoot through a board, and 
the Ro nil only jump a little againſt, him that diſcharges; it. 
Therefore Imall bodies with N velocity, are more proper to 


tear in pieces; and great bodies wu mal e 


or move the Whole. 


PROP. X. : 


The Ne f the motions of any two bodies i in any one le of PENS 


towards the ſame part; cannot be changed by any ation of the 
bodies upon each ober; whatever forces theſe actions are _—_ 
9. er the bodies exert among themſelves. 

Here I efteem ptogreſſive motions, or motions towards the 
ar affirmative ; n . 


de N Jy +; „ 
I tov bodies move. the ſame way, and ſtrike one another 


directiy. Now ſince action and reaction (by ax. 3.) are equal 


and contrary, and this action and reaction is the very force 
by which the new motions are generated in the bodies; 3 


* (by ax. 2.) there will be produced equal {xs ps | 
contrary parts. And therefore 3 motion is 


_ gained Fe 7 will be Joſt by the following 


one; and conſ ir ſum is the ſame as before. | 

And if the bodies don't ſtrike each other but are ſuppoſed to 
act any other way as by preſſure, attraction, repulſion, c. yet 
ſtill ſince action and re- action MS and contrary ; there 


will be induced an equal motion. of the bodies, 
- and in contrary directions; 0 t at, he e 


Ne 
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(by the laſt prop.) they act upon each other in a direction 


pendicular to the ſurface in which they ſtrike; the adtion and 
re- action in that direction being equal and contrary ; the ſum 
of the motions, the fame wey, in that line of difedtion, muſt 
remain the ſame as before. And fifice the bodies do nor. act 
upon each other in a direction parallel to the firiking furface ; 
therefore there i induced no change of moduh jn that ire-Ribt 


And therefore univerſally the fum of the motions will remain 


the ſame confidered in any one line of directiom whatever. And 


i the bodies act upon one another by any other forces Whatever; 
ſtill (by ax. 2. and 3.) the changes of motions will be * 


and contrary, and gheir ſum the ſame as before. 


© Cor. 1. The ſum of tht motions if ay item or number of bodies, 


in any one line of direction, taken the ſame way, remains always 


the ſame; whatever forces theſe bodies exert upon each ather : 
ae contrary motions to be negative. And therefore, 


Cer. 2. The 3 of the mation of all the ball in the wo u. 
eſtimated in one and the ſame line of direftion, and s the ſame 
way; is eternally and invariably the ſame : efteeming theſe motion 
affirmative which are progreſſtoe, or diretitd rhe ſame way; and 
the regreſſrve motions negative. And therefore in this . motion 
can neither be increaſed nor diminiſhed. © But, 


Cor. 3. If you reckon the ations is off Wb dene 0 , affrma- 
"tive, then the quantity of motion may be increaſed or decriaſed an 
infinite number * ways. As ſuppoſe two equal non elaſtic bodies, to 

meet one another with equal ier z they wi 8 * and "Af 
all their mMorions. ; 


For ks Af 1 div tid of ack tink Wires ml. 
of their motions is MA. H; and after their ank, it 
is o. Fe M—M is the ſum of the 
motions before they meet, becau move contrary ways, 
which is O; and it is the ſame after they meet. And thus a 
man may put ſeveral bodies into motion with his hands, which 


had no motion before; and that in as many ſeveral Arg 
N | 
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of bodies inti in a given ſpace, are the ſame among 
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. themſelves ; whether | that ſpace is at reſt, ar moves uniformly 
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as preflure, gravity, Sc. concerning this vis uin they talk 
obſcurely, that it is hard to know. what they-imean by i. 
| its quantity by the number of ſprings which 
moving body can bend to the ſame degree of tenſion, or break; 

longer or a ſhorter time in bending them. So 


G ber only a ſolicitati 


eb 
1 
; 


that the vit viva is the total effect of a body in motion, acting 


—— 


till its motion be all ſpent. And according to this, they find, 
that the force (or vis viva) to overcome 5 ae 09008 of fins a 
will always'be as the body mukiph'd by 

„ n 
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ſame right line again 


ſprings, is as the ſquare 


\ 
% 


Suppoſe any number of equal and fimilar ſprings placed at 
equal diſtances in a right pes and a bod; E. 

*theſe ſprings; then the number of 

ue which that body will break before it 


much the leſs time has any ſpring to act againſt it to deſtroy its 
motion: and therefore the motion deſftroy'd” 
be as the time of its acting; and by ſeveral ſprings, as the 
whole time of their acting; and conſequentiy the reſiſtance is 
uniform. And ſince the reſiſtance is uniform, the velocity loſt 
will be as the time, that is as the ſpace directly and a 


reciprocally; whence the * and therefore the number & 
the velocity. And upon this ac- 


count they meaſure the force of a body in motion, by the ſquare 
of the velocity. So at laſt the vis viva ſeems to be the total 


ſpace paſſed over, by a body meeting with a given reſiſtance; 
which ſpace is always as the ſquare of the velocity. And this 


comes to the ſame thing as the force and time together, in the 


common mechanics. 


Now it ſeems to be a neceſſary f ropenty. of the vis vive; thav 


the reſiſtance is uniform. But are infinite caſes where 


de e Tomas and in ſuch. caſes, this law: of the bis 
viva muſt fail. And 


ſince it fails in ſo many caſes, and is ſo 
obſcure it.itſelf ; it ought to be weeded out, and not to paſs for 
a Na in mechanics. - | 

ikewiſe if bodies in motion impinge on one another, the 
conſervation of the vis viva can only take place when the bodies 
are perfectly elaſtic. But as there are no bodies to be found 
in nature which are ſo ; this law will. never hold good in the 
motion of bodies after impulſe; but in this reſpect, it muſt 
This notion of the vis viva was firſt introduced by M. Leib- 
nitz, who believed that every particle of matter was 
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will be as 
e ſquare. of its velocity : whatever" be the law o che reſiſtance 

of any ſpring in the ſeveral parts of its tenſion. For from the 
foregoing Prop. it appears, that the ſwiſter the body moves, ſo 


by one ſpring will 
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The ID 2g of 3 is requiſite to ke cep. 4 Joly in am - 
motion, direttly upwards, as 1s required to keep it ſuſpended, or 

Fl reſt. | 
And if a body deſcends 2 the ſame: force that is ſufficient 
to hinder its acceleration in e, is equal to the weight 
ut. il. Warn an e 4% aura, ANY 


For the free of oily will 48 equally on che body in 
any ſtate whether of motion or reſt. Therefore if a body. is 
projected directly wards or downwards with any degree of 
Wenden ty; it would for ever retain its velocity if it were not for 
the force of gravity that 'draws it down, by ax 1. If therefore 

a a force equal to its gravity were apply'd directly upwards; then 
(by ax 9.) theſe two forces deſtroy. each others effects; and it 
1s the x5) hk e by no force at all. 
And therefore (by ax 1.) it would retain its Uniform motion. 


Cor. But if a body be moved upwards with an a. ates 
the force 70 cauſe that motion will be greater than its BEA; 3 and 
that in N to its acceleration (% ax. 16.) 7 0 
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+ For pot . The is uniformly acted on by gra- 
bn. . 8 rr r ECT 
Prop. V. . e the force and time directly, 


and matter reciprocally. 8 ee 
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—_ _ the e ariel by 8 8 22 oft res 
= err falling from ret. 


- Fi by rege, 3. yori, is a viliforialy' ce 
11 | _ therefore by Prop. n is as 
1 5 velocity. But by the laſt the time is as 
— aud therefore the aer deſcribed h ps the ſquare 


. Cer. 1. The . ot. deferibed by falling, bodies an N as 1 


= ares of the v Res IO #4 n the 
1 Nets fallen, 155 e 


| Gr. 3 Taking am I parts of hoes thes. the þ races deſcribed 
i by a falling body, in 1 part f time, © be 6. ihe add 

ef | numbers, 1, 3, 5, 7, 9, 17, Sc. 
1 5 For in the times 1, 2, 2 + Sc. 8 Abe will 
Wo 8 be as their ſquares 1, 4+ 9, 16, Ce. And therefore in the dif- 
W- ferences of the times, or in theſe equal parts of time ; the. ſpaces 


5 _— will be eee ar. * $. 
3 FRO” | n 


Cor. 3. A body m e acquired 5 f 
a on any ſpace, 5 ſcribe twice {bad {2 pace * en time 7 
Tall. By Cor. 1. Prop. 6. 1 65 | 
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r. 4. If 


4 body be 7 
in falling; it will, n the ſame time, Send to the 


gam rd with the veheih 4 as 


= ir ir fell from and deſeribe equal ſpacts in. Ma. wer 


mri Crug. 
8 N 5 the line deferibed. | 
Por by Gor! es i gained 
| l times, E 
. deſcent). Therefore, at the ſeveral correſ urn 7 
of time, 8 the ſpaces in any 
e be equal, and OO OI 


but in an inverſe order ; will have the | 


. 5 bodies be ppb with any 1 the 
aſcent will be as the ſquarts fend» ne of as 


275 the times of RP ar fuk gs. 
8 i he Ar defended are the ſq 


of the laſt omg by by Gor t. And by Cor. 4, the ſpaces aſ- 
| cended will be equal to thoſe re a 


Cor. 6. If a body is projected upwards with any yp lect z with 
the ſame velocity undiminiſhed, it would deſcribe me the ſpace of 
its whole aſcent, in the ſame time. By Cor, 3 and 14 5 


Cor. 7. Hence alſo all bodies at the ſurface 4; the earth ded 
7 oc in qu times. 


$cnor. 


0 n vi 1 experiments that a heavy body falls 1615 fe 
a a ſecond of time, and Acquites a velocity which will 

324 feet in a ſecond; which being known, the ſpaces ſcribed 

in any other times, and the vaocities acquired, t be knowa 

by he foregoing . ; and the contrary. Theſe propo- 

ſitions are y true, Whete there is no reſiſtance to the 

ere bur becauſe bodies are a little reſiſted by the 5-7 pl de- 

bodies will be a little fong er in fa 


upwards, will be ſoit & loagne in . — 4 


N and falls with a leſs velocity; and conſequently a 

898 with the velocity it falls with, al not 

5 8 quite to the ſame 1 l = theſe errors are ſo ſmall, 
that in wolt caſes they Nc be neglected. 

I che force by Which y is accelerated in falling was di- 

rectly as the hei 52H Fats from; it may be computed (by Cor. 

3 V. . che velocity acquired will alſo be as the ah oe 
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or the ſpace deſcribed directly as the velocity. And t | wie 


bodies were projected upwards, they would in this caſe aſcend 
to hights, nich are _ velocities with which they; 


on by a force which is neither of a. given quantity, nor in bo: 


4 


If a body be projetied either parallel to the horizon, or in any oblique 
| direction; it will, by its motion, deſcribe a parabola. | 


Let AD be the direction of the motion, AFG the curve de- 
ſcribed; and let AB, BC, CD, &c. be all equal; draw AM, 
BF, CG, DH, &c. perpendicular to the horizon; and compleat 
the parallelograms, AF, AG, All, &c. then by Ax. 1. if the 


body were without gravity, it would move on in the line AD; 


2 


* 


and deſcribe the lines AB, BC, CD, &c. in equal times. Now 
ſince gravity acts in lines 
does not affect the motion in direction AD;, but generates a 
motion in direction AM. So that the body, inſtead of being at 


B, C, D, &c. will at the ſame points of time be at F, G, 


H, &c. But in the time of deſcribing AB, AC, AD, the body 
by the force of gravity will deſcend through the ſpaces BF, CG, 


DH; which are as the ſquares of the times they are deſcribed 


in, (by Prop. 14.) that is as the ſquares of the lines, AB, AC, 
AD. But AB, AC, AD are equal to KF, LG, MH; and BF, 
CG, DH, equal to AK, AL, AM. Therefore the parts of the 
axis of the curve, AK, AL, , &c.' are reſpectively as the 
ſquares of the ordinates KF*, LG., MH*, &c. And therefore, 
by the conic ſections, the curve AFG is a parabola. © 
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Cor. 2. If tbe e G a proje Jefiles bs 8 what- 
ever their elevations be; "they will 4 be the ſame parabola. 

For if AB be the velocity and direction of the projectile, then 
AO is the horizontal velocity. When the body comes to the ver- | 
tex G, its motion is then parallel to the horizon, which parallel > 
motion remains the ſame as before, that is, equal to AO. There · : 
fore it deſcribes the ſame parabola, as a body projected from | | 
G vith velocity 40 parali 4 to the horizon, | ; 


Cor. 3. The velocity 7 a Projettile in in any Point of the * 26>. 
as the ſecant of the' angle of its direction above the horizon. 

For AO the horizontal velocity is the ſame at all points of the 
curve; and the velocity AB at A, in „ Mü is the ſecant of 
the angle of elevation OAB. J DA — 


Cor. 4. . The velocity at axy point 10 curve is. A that is 
5 5 35 falling thro' tbe latus reftum belonging to that point: 


Or (which is the Jame;) thro 1 of the Privcipal 1 retuns + * 
abſciſſa to that 


For let 14 745 ſp ace fallen thro? to acquire he velocity i in 
any point as A; then the ſpace AD deſcribed in the ſame time 
=, that velocity in direction , will be 241 (by Cor. 3 


XIV.) a, in the ſame time, by the ſame force of gravi 5 
dy will deſcend thro? an equal ſpace DH, — = 


ſes 2DH or 2AM; bot the Jaws reftum == 
4AM 
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and at any elevations, are as the fines mn POM of 
elevation, and the ſquares of the NO. 


. þ - ; 5 * 7 
» =. — 1 > 
* * 8 * 2 * A _ Dy #.. 


| J. = "ds of the projetite meaſured * _ ar it 
| paſſes thro" in time 1. i 5 
F = deſcent of a body by granity is the ſame tis 1 
= AE the horizontal diſtance, or er . ? 
2 of the elevation, VAE. 8 

= Re of twice the elevation. © 3 N78 
Then by trigonometry, 2 rg and 236 = B, when th ce, 

is 1. en, a 


:: (rad.) 15 = = AV, and N 


5 And by Prop. Wm. 1 

| e : (9) e Sate anne 4. 
| | And by Prop. XIV. 8 f 
oft (Ge) : = (VB) : = ſquare of the time of de 


ſeribing VE. Now the. ame of deſcribing V, VE, and AGE 
are al ual Whence = 6s hd Therefore x = Du = 


: =, Br And therefor xo a . x 


Cor. Bad, py es Ae a are as e | 
fines of elevation, and the ſquares of ihe velocities ; or 6s thewver/ed 
Anes of the doubled angles of elevation, and the * of the veloci- 
ties. | 


For if & be the vertex, GP =43CP'="z VE, and FE. = 
* = 299 Therefore GP = Wr = 2 Therefore GP is 
as vvss Or as vv B. | A” 


bee . 8 reset 
| INTO 33 i : N 0. 
Cr. 2. 25 times of flight of Prot areas th elne, 3 
and the fines ent 5 ges q WO. 
* the time = == es Tp. 3. N 7 n . 


TTY 


12.4 34s 8 * bak | | 1 


1 he ratet ao th or borizontal dein, is at tbe 
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Let AE be th inclined plane, , the dreien of d pro- . 
jectile, 8.4, CP, VE perpendicular to the horizon; AGE the g, 
path of the projectile, and let 


v. velgcity of the. proje#ile in 4, meaſured by. the ſpace 
# deſcribes in the time 1. 
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W 1. The bights above the 8 are as the * i the 
velocities, the js of the mes. of elevation above the planes, 
direttly ; and the ſquares of the t F the planes elrvations, 


reciprocally. 
For if AP=PE, then G is the vertex of the parabola, in 


reſpect of the pl AE. And AE intel? 
pect © e plane 77 fa 


iebt are as the velocities and fines of . 


. 2. 3375 times of 7 
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Seck l. HPROJECTIL E's. / 29 
Foe upon the five Jane, AE is as 5c, and ic is greateſt when FIG. 
Sr. And at equal diſtances above and below gc is the ſame. 8. 


"Cor. 5 . This Prop. bolds true, 10bether the projection: be made 
up, or 2 7 5 the plains; or whether both N de inclined, or 
one is nchned and the other horizontal. 
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one of our eee ee then v.= 1: 4 paces 
= 3245 ſor that a ball ſhot out of her, moves . — rate 


of 3 a ſecond. All this ſuppoſes that there is no 
reſiſtance, of the medium. But it may be noted; that by reaſon 


of the airs reſiſtance, the upper randoms, being more reſiſted, 
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PROP. XVII. 


r 10. If at WW Wor 1 5 8 4B, which are 3 Akan pics 


5 the center of motion C, in be fuſpended; they will 0 
be in equilibrio. 


* 
Hail: +3 * 


ine 10 


ee that 9 the. 1 is_fappoled to 3 
right line, in which are the three points A, B, C. Now the 
weights A, B, cannot act upon one another any otherwiſe chan 5 
by means of the balance AB, whoſe fixt point is Cc. . 

nol then that any force ply'd r body 4 
into motion, and by means of B; then 
ſince the brachia or ends of the beam CA and £2? are equal 
the arches Aa, Bb, deſcribed by theſe bodies will be equal. 
Conſequently the velocities and quantities of matter of A, B, 
being equal, their momenta or motions will be equal. And, 
becauſe ACB is a right line, they move in a contrary direction; 
and therefore by ax. 9, theſe bodies cannot of + raiſe 
one the other, but muſt remain in equilibrio. 


Cor. Hence equal Hong A, B, apply'd at equal difances from the 
» center 7 motion 0 will have the ſame Nes in * the balance. 
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"any rei by m i the Fower P be to the [EW u. as the 10. 
V laie, of the weight from the fulcrum or to the dt nes of the 1 9. 


| er from the Fulcrum ; the power and Weigbt (af en- : 
iT „ ty. 0.8 lever) will be in e ka MAP 22 . 


A leaver is "7 inflexible beam, ſtaff or bar, whether of + 4 
; . or wood, Sc, that can any way be apply d to move bo- | 
| dies. There are 4 kinds of leavers; | 
1. A leaver of Be ind | is, that wing ths Rene is be- 
tween the weight an er, (fig. 10.) 
2. A leaver of the N kind 5 where the weight is be. cs 4 
tween the fulcrum and the power, (fig. 19.) | 7 4 
3. The leaver of the third kind is, where the power P is be- ET 
_ tween the weight and the fulcrum, (fig. 20.) 
4. The fourth. Kind bs ended leavers (fig. 12.) 


1 o. 


n oa „ 
| In the leaver of the firſt Kind TP, instead of the pov P, 10. | 
appl a weight P to act at the end CP. And let leaver BL 
web be moved into the poſition ac. Then will the arches 2 


Va, Pb be as the radix , CP; that is as the velocities of 
che weight and power. Whenee fince P: V.: CW : CP, there- - 
fore P: V:: velocity of V: velocity of P; therefore P x 
velocity of Þ = x velocity of V. Conſequently the momenta 
or motions of P and Ware equal. And fince they act in con- 

trary directions, therefore by ax. 9. neither of them can move 
the W 7 but 5 will remain in e 


ab 1 5 | *Q A 8 * . 


The W er We 2d 7 d 2d kind may be 8 MY 19. 

iſt thus; make Cp=CP, and inſtead of the power P, apply a 20. 
weight equal to it at p. Then by Caſe. 1, the weight W and 
| 7 f 5 will keep one another in equilibrio; and (by Cor. Pr. 
18.) the weight p and power P will have the ſame effect in 
turning the leaver, therefore the power 5 0 weght A. will 


be in 1 
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 ME@HANICAL' POWER. 

Cor. 1. In any ſort of leaver whether ſireight or bended, and 
whether moveable about a fingle point C, or an axis AB ; or whe- 
ther the leaver be fixt to the axis and both together moveable about 
two centers A, B; or whatever form. the leavers have ; if AB be 
a right line, and from ube ends P, W, there be drawn lines to the 
center C, or perpendiculars to the axis AB ; and if be power and 
weight aft perpendicular to theſe lines, and be:always reciprocally 
as theſe diſtances drawn to the center C or axis AB; then they will 
be in eguilibrio. „„ 5 

Cor. 2. In am fort of leaver WCP, and in whatever direfions 
the power and weight af on it; if their quantities be reciprocally 
as the perpendiculars on their ſeveral directions, let. fall. from the. 
center of motion; they will be in equilibrio. Or they will be in 


 equilibrio, when the weight multiply'd by its diſtance, and the 
S. angle of its direction, is equal to the. poer multiply'd byits diſtance, 


and S. << of its direction. WxWCxS.DWC=PxPCXS.EPC. 
For the power and weight will 'be in equilibrio if they be 


ſuppoſed to act at E and D; and by ax. 14. it is the ſame 


thing whether they act at E and D, or at P and V. Alfo by 


+ trigonometry, MCN. M. DC, and PCS. PS CE. 


Cor. 3. Hence univerſally, if any force be apply'd to a leaver; 
its effef in moving the leaver, will be as that force multiply'd by 
the diſtance of its line of direction from the center of motion. Or 
the effect is as the force Xx by its diſtance from the center, and by 
the fine of the angle of its direction, PXPCXS.P, ' _ | 


Cor. 4. If 2 bodies be in equilibrio on the kaver, each weight 


is reciprocally as its diſtance from the center. 


Cor. 5. In the ftreight leaver when the weight and power are in 
equilibrio, and att perpendicularly on the leaver or in parallel direc- 


tions; then of theſe three the power, weight, and preſſure upon the 


10. 


19. 


20. 


fulcrum, any one of them is as the diſtance of the other two. 


For if CP repreſent the weight V, then CI. will repreſent 
the power P. And in fig. 10, C ſuſtains both the weights, and 
therefore the preſſure is P; and fig. 19, 20, C ſuſtains the 
difference of the weights, and therefore the preſſure will be VP. 
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If ſeveral weights be ſuſpended on a freight leaver AB; and if the 21. 


ſum of the products of each weight, multiply'd by its diſtance from 


_ the center of motion C, on one fide, be equal to the ſum of the 


produits on. the other fide ;, then they will be in equilibrio. And © 


the contrary. | 


For the force of each weight to move the leaver is as the 


weight multiply d by the diſtance (by Cor. 3. laſt Prop.); and 


the ſum of the products is as the whole forces; which if they 
be equal, the forces on both fides are-equal, and the leaver re- 


mains at reſt. 


PROP. XXI. 


If a bended leaver WCP be kept in equilibrio by two powers, afting 
in the directions PB, VA perpendicular to the ends of the leaver 


CP, M; and if the lines of direction be produced till they mett 
in A, and AC drawn, and CB parallel to WA. I ſay the power 
P, the weight or power W, and the force acting againſt the 
Fulcrum C; will be reſpefively as AB, BC, A.; and in theſe 


very directions. . | 
Draw CB, CF parallel to , PA; then the angle WFC = 


WAP=CBP, and the right angled triangles VCH and BCP 
are ſimilar; whence. CF: CB :: : CP:: : (by Cor. 2. 

Pr. 19.) power P: power V. Now fince (by ax. 14.) it is 
the ſame thing to what points of the lines of direction PB, WF, 
the forces P, V be apply'd; let us ſuppoſe them both ro 
act at the point of interſection 4; then ſince the point A 1s 
acted on by two forces which are as CF and CB, or as AB and 


A; and both theſe are equivalent to the ſingle force AC (by 
Cor. 2. Pr. 7.) Therefore the fulcrum C is a&ed on by the 


force AC, and in that direction, by ax. 11. 


* 


Cor. 1. Hence the power P, the weight W, and the preſſure the 
Fulcrum C ſuſtains; are reſpeftively as WC, PC, and PW. That 


is amy one, is as the diſtance of the other two. 


For ſince the angles at P, are right; CA is the diameter 


of a circle paſſing through 5. points A, P, C, V; therefore 


22. 


0 , \ : * 
4 * 


"MECHANIC POWERS. 5 


- 


1 0. the angle NCH Ach and the angle CWP=CAP 
22. therefore the triangles ABC, WCP are fimilar; and AB : BC 


C: CP, and BC: AC: : CP: PW. Therefore, St. 


Ce. 2. In any leaver WCP, the lines of direflion of the powers 
PIV, WF, and of the preſſure on the fulrum C; all tend to one 
point A. : 4 ON 


X - 


For if not ; the leaver would not remain in equilibrio. 


PROP. XXII. 


23. If AB, CD be two leavers moveable about A, and C; and ſome 
| force acts upon the end B of the leaver AB, in a given direftion 
BF; whilſt the leaver AB alls upon CD at B. If BE be 
drawn perpendicular to CB, and AE parallel to BF: And if 
* theſe leavers keep one another in equilibrio. Then I ſay, the force 
in direction BF, force againſt DC in direftion EB, and the preſ- 
ure againſt the center A; are reſpeniveꝶ as AE, BE, AB. 


For fince (by Prop. 9.) the leaver AB acts upon BC at B, 
in the direction EB perpendicular to BC; and the leaver CD 

re · acts in direction BE ; and (by ax. 19.) the point A is acted 

on in direction BA. Therefore the point B is acted on with 

3 forces; BF the force apply d at B, and BE the re- action of 

the leaver CD, and AB the re- action of the center 4; and AE 


* lel to BF; therefore (by Prop. 8.) theſe forces are as 
AE, BE, and AB. EY 


Cor. If two forces BF, BE ating perpendicular to the leavers 
Az, DC, keep theſe leavers in equilibrio : The force BE, force 


BF, preſſure at A; are reſpetiively as radius, Coſ. ABD, and 
8. ABD. e | g (og 


For then EAB is a right angled triangle; and theſe forces 
are as BE, AE, and 3 that is, as radius, S. ABE, and 
S.AEB ; that is, as radius, Cof. ABD, and S. ABD. 


PROP. 
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2 BC . about the vides 4 Wer 
and if the circles KBM and DBE be deſcribed with the radii 

C, BA; and upon the circle BM as a baſe, with the generating 
circle DBE, the epicycloid BNE be deſcribed ; and the leaver 


- * ' 4 
an; * I 9 1 448 x 
g . , „ 4 0 ">. 2 g 
1 6 4 
PROP. LING | 
* . 8 y . 
* 


24. 


CB and epicycloid BNE be joined together in that — __ 1 | 


a4 to make but one popes leaver CBNE. theſe leavers 
_ CBNE, and AB move about the centers C, 75 o that the end 


| D of the leaver AD be always in Wee if Ho inch DR; | 


| I ſay that two equal and contrary forces at B and K, acting per- 
paper” to the radii Da. KC, will , 3280 theſe — 


| For let the 3 CBNE « come into 8 3 
CRD; then ſince the epicycloid KD is deſcribed 1 | 


D, whilſt the arch DB: rowled upon the equal arch BK, 
fore the end D. of the radios AD hath moved through an arch 
BD equal to the arch BR, which K has moved. There- 
fore the points D, X, have velocities in any correſ 


ent 
places B, K. Therefore ed e e 


circles DH and BMG will 
Z en therefore keep each other in equilibrio, by ax. 9. 


Cor. 1. . 6 


; 4, the other CKD will alſo move uniformly about its. center C. 


And the arch BD OED WET to the arth BK 


e ** 


Cor. 2. * . the LN Ca | 


the convex or concave fide 18 8 CKD, . THEN 6 D 
e > 


Cor. 3. After a lte „„ 


within the circle BRM, by the generating circle BD. the 


25. 


leaver CBE be compounded of the right line CB and the epicycloid 


BE; then the leavers CBE and AB, by equal forces afting at B, 
will keep one another in eguilibrio in any Pofition, as CKF and AD. 


For when AB is come to AD, and CBE to CKDF; then the 
arch. BK = arch BD. ' Whence the wei ht or forces acting at 


the diſtances CB, AB, have en ny Nos ano 
Hong on 


| 5 36 


26. 


tea 4 line perpenditular to AB; ben BE or M will be the 


vulgar cycloid. Therefore whilſt the point D moves — about 
* the center A, the point & will move uniformly along \ the t line 


BA, and with equal velocities and forces: The point D in the mean 


27. 


WE © 


29. 


tions wy the leaver CKD. 


time atting upon the cycloidal tooth D. Aud an: equal pte 
forces will ſuſtain one another. 

In like manner, i BA be e, or BD 4 nb line perpendi- 
cular to BC; then BE or DRK will be an epicycloid: generated by 
the tangent DB n on the circle, BR. Aud the velacities of 
K in the right line BR, and f D in ibe rigbi line BD, will. be 
always equal : 2 WH WP NF: 


. IRE SY 


3 the figure of the tooth 3 at the end nl of the lever 

| 4. Fl: given z and tbe epicyclelid BE be deſcribed as before. And 
if the leavers AB, CB, be made to revolve about their centers A, + 

C; 7 tbat the point B always move in ibe epicycloid BE or KD. 


And if the tra of tbe extreme points of the tooth be marbt out 


pox the plane of . the. eycloidal tooth: as at feggge, or ati; fuminie.. 


And if the part DAN be cut away, if -the tooth be to al on the 
concave fide f the epicycleid ; or  fneDdKf, if on the. convex Ade, 


| Then if the leavers revolve ſo thai thei tooth move along the curus 


gg er un; the paints D and K of the leavers AB, CD, will move 
with equal velocities, in the arches BD, BK, as before. For 5 | 


rene tooth vill dul deſcribe the epieycloid. 


Cor. 6. If the two epicycloids BE, BO Je. rikedapow. BI * 


BI, with the generating circles BD, BK ; the\ leavers AB, 


_ CB, revolve about the centers A, C; ſo that the point B or D of 


mubicbh leaver ihe cycloidal tooth be placed, or whether on one or both. _ 


24. 
2 Ho 


the leaver AB move along the epicy cloid BE of DS. Then ibe 
point B or K, ever CB, will at the ſame time move ale 


ong 
the epicycloid BO or DKT ; and the points D, K, «will deſcribe ihe 


equal arches BD, BK. And therefore it is the ſame thing, on 
For the epicycloid DM generated on DB, will paſs 


i if BD = BK. Alſo 9 4 1 2 5580 3 upon 


k £% 


5 C H O 3 
The leavers 4B, CB are ſuppoſed ks to act upon one ano- 


ther, . for was the action ſuppoſed to be 
| er 


- 


MECHANIC ro wa Ks, Nt 0s 
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PROD, xv. 


5 the bet ad 4 if the power P be fo the . 17, as the 


diameter of the axel EF * the weight acts, to the diameter 
| of the wheel AB, . where the power acts; then the power and 
© weight will bei in equilibria And the contrary. 


For let AB be the wheel, CD the axel; and ſuppoſe the 


wheel and axel to turn once round; then it is plain the power 
P will have deſcended a ſpace ual to the circumference of the 
wheel ; and the weight V will have riſen a hight equal to the 
circumference of the axis. Therefore velocity of P, to velocity 
of V: : as circumference of the wheel, to circumference of the 
axis : : or as diameter of the wheel, to diameter of the axis : 
that is (by ſuppoſition) as V, to P. Therefore the motions of 
P and are equal; and have equal forces to move each other ; 
and therefore (by ax. 9.) will remain in equilibrio. 

+ This Prop. will otherwiſe. For the wheel and axel 
may be reduced to a 4 of the firſt kind: for the fulcrum 
be in the middle of the axis (D. Therefore drawing 

— from the middle of the axis to the power and weight, pa- 
rallel to the horizon; and the radius of the wheel be the 
diſtance of the power, and the radius of the axel the diſtance 
of the weight. And as there radii are reciprocally as the weight 
and power, therefore (by Prop. 19.) they will be in equilibrio. 
And thus the wheel and axel! is no more but a perpetual leaver. 


Cor. 1. If the rope bave as ſenfible thickneſs ; , then if the Power 
p: weight I : : diameter of the axel + the diameter of the rope: 


diameter of the wheel where the Power atts; they will be in equi- 


librio, 


For the wei ht really han half the thickneſs of the rope, 
beyond the axel. vi 


Cor. 2. If the direftion of the 5 is not a tangent to the 
wheel ; ſuppoſe it to aft at D or d, and let CA be perpendicular to 
the line direction; then if P: : CB: C4 then they will 


Cor. 
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on the ſame, but on a different * * 
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Cor. Pa If the wheel. and axel, one. 7 e nb} then if 
the power P acting on the teeth at B, i io the weight W. 
on the teeth at A; as the diameter of the axel at . to * 9 ; 


e the wheel atB; then ihe whee! is in mae 


LF - onh Take fixt in the axis, whoſe lengtb is 


Cor. 4. And it is the ſame ting if e of < ts 
to the radius 7 
aa a ag 


the wheel : And any other 25 9 e 
Hoop 7 the weight N 


. The force 0 7 the £8, is . when one or more © 
a of the rope is folded about the axe. "INF . in e 


augments the diameter of the axel. 


33. 


Cr. 6. It matters not bow low the weight "RE 1 - whil 


the axel remains the ſame, the reſiſtance of pray wager en remains. the 
ſame, ſetting afide the . RY the N e 


X 


PROP. . 


Let NBD, MBK be two tooth'd wheels in 105 Jan IS . 


tzbe teeth of the wheel BM be the epicycloids BE, kd, KD, de. 
 ſeribed on the baſe KBM, with the generating circle BN, and 
theſe teeth all equidiſtant; and if B, d, D the ends of the tab 
e the wheel NBD' be alſo equidiſtant, and _ e Ba, 
dD equal to Bk, kK : Then I ſay the points of the teeth B, 
D, will all a together, on the cycloidal teeth BE, kd, KD, as, 
the wheels zurn round. And any points P, 15 will en 
** arches BD,” BK in equal times. og 


Draw the radii AD, Ad, and CK, Ch then AD and KD 


on 


may be conſidered as two leavers moving about A, C, and 


on one another in D: And the ſame of Ad, Ckd, acting at 


But by the motion of the wheels BD, BR, ſuppoſe D 90 to 


be in the epicycloid KD z then (Cor. 1. Prop. 23.) wil BD = 
BR,. and ſince e = Bk, and con- 


ſequently (by Cor. 1. . 23.) the point 4 will be in the 
epicycloid kd. And t r be never ſo many teeth B, d, 
D, Sc. t will always be in the curves of the epicycloids 
BE, kd, KD, Se., therefore the working teeth either act all at 
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FR or they act not at all. And as the x 1 C. 


8 of any points are equal in the two wheels BD, BR, 
artery eee eee 0 equal, 
many act together. 


rr. 1. Hence any equal weights or feos appl/ a 3 
ferences f theſe two wheels, as at B, and atting one againſt the 
other, will keep theſe avbeels in equilibria. Likewiſe it is 25 


1 


ſame 
thing ' whether tbe wheel AB drive the wheel CB, its teeth acting 


e the conn of abe cycloids ; or. the wheel CB drive AB, 
convex fide of the cycloid ai againft the 16ath of Ab. 


Cor. 2. Hence, inſtead of the points B, or the infinitely ſmall 


teeth of the wheel ABD; if any ſort of @ toath rs he Placed at B 
| and if. the wheels be made to move about ſo that the given point B 


may deſcribe the epicycleid BE or KD, Obi the rocks of the cr. 


tream points of the tooth is mark't out as KeD, VD; and the 
CE aa 3 and the ſame be done for all the other 


F one of theſe wheels is ſuppoſed to drive the other, by theſe teeth 
running in the ſpaces. DfKe ;, I Joy i the circumferences of theſe wheels 
will move wit ger” velocities, and all the working 


together. This is evident, becauſe che points B, 9 will by this 
motion deſcribe the epicycloids as before. 


teeth, being eguidiſtant and of the ſame form and 725 Thes - 


3. If the epicycloid B be deſcribed on * boſe KBH, 
* he generating circle BD; aud à portion of the epicycloid be 


teeth will act 


33: . | 


34. 


35˙ 


placed at equal diſtances B, L, K, for teeth; then the teeth of ibe 


wheel A atting ainft_the cycloidal teeth, will make the motion equa! 
in the two wheels. Where we may take as great a portion of the 
Sclaid as we will; aud the fides BO, LI, which ati not, may be 
of any figure, nat to binder tbe motion of the teeth of A. And ut is 


the ſame thing what part of the toath LO, the tooth G afts eganf. : 


Cor. 4. But the teeth ought not to af} upon one another before 
they arrive at the line AC, which joins their centers. And though the 
fide BO of the tooth may be of am form; yet it is better to make them 
both fides alike, which will ſerve to make the wheels turn back- 
wards. Alſo a port as par may be cut away on the hack of every 
tooth, to make way for thoſe of A. And the more teeth that work 
together, the better; at leaſt one tooth ſhould always begin before 
the other bath done working: The teeth qught to e 400 in 
Juch manner as not to trouble or hinder one another, before they 

begin to work; 0 there be 2 length, cine 
tickne /s 


% J 


* 
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v i 2 . hh given them, that Sang my more er Aſebake Me : | 
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PROP. XXVI. 


In a ae e of wheels with 1 if FO 6 Pp "I to the 
weight W ; as the produft of the diameters of all the axels, 
pinions, or trundles ; to the adus of the * of all the 
wheels ; they will be in equitibrio. 

For by Prop. XXIV. e | 

The power P acting at 4: force on B: : diam. B: diam. 4, 
and force on B or C: force on D: : diam. D : diam. 2 
and force on D or E: weight W at F:: diam. F: diam, E. 

8 Therefore ex equo. 


Power P: weight V: : product of the Garvters B, D, F: 
to the product of the diameters #6 . 


Cer. 1. In a combination of 4 going by EY ; e Fen 


P be to the weight W; as the product of all the diameters of the 


axels, 1 D, F, to the produtt of all the diameters of the _ 


A, C, E; they will be in equilibrio. 


For the cords ſupply the place of teeth. 
Gor. 2, Is any. combination of wheels with teeth; if the power | 


5 P be lo the weight M.; as the diameter of the axel F where the 


weight alls, multiph'd into the product of the teeth in each pinion 


br ſpindle; is to the diameter of the wheel A, where the power acts, 


multiphy d by the produti of the teeth in each of the wheels (that the 
Pinions alt againſt); the weight and power will be in equilibrio. 


For the number of teeth in each wheel and pinion that act 


againſt one another, are as the circumferences or as the dia- 
meters of that wheel and pinion. 


Gor. g- nd beice alſo, if the power be to tbe weight, in a 
ratio compounded of the diameter of the axel F, where the weight 


as to the diameter of the wheel A, where the power 
ads, and the ratio of the number of teeth in the firſt axel (B), 
. reckoning from the power ; io the number of teeth in the ſecond 
d wheel (C), and of the number of teeth in the ſecond axel (D), to 


. the number in the third wheel (E); and NA on wll the * ; then 
they will be i in eguilibrio. | 
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e VVV 65 10. 
Cor. 4. In à combination of wheels, the. number of revolutions of 36. 
_ the wheel F where the weight ats, to the number of revolutions of | 
the wheel A where the power ats, in the ſame time; is as the pro- 
du of the teeth in the pinions, to the produtt of the teeth in the 
 <vheels which ad in them; or as the produit of the diameters of 

the pinions, to the produtt of the diameters of the wheels. 


er 


In wheels whoſe teeth work together, they ſhould not en- 
counter before they come to the line joining their centers; be- 
cauſe the rubbing is on that ſide; but being paſt the 
ne, the teeth fi y along one another, in ing their 
eſcape, ſo that the friction is very conſiderable. Boe 


rn + - 


Fa power ſuſtain a weight by means of a rope going over a fixt 39. 
Pulley ;, then the power is equal to the weight. But if the pulley 40. 
| be moveable together with the weight, and the other end of the 


o 


rope fut; then the power will be half the weight. 


For fi a horizontal line AB drawn through the center- 
of the pulley C; then that line will repreſent a leaver, and (in 
fig. 39.) where the pulley is fixt, the center C being kept im- 
moveable, repreſents the fulcrum ; whilſt the weight acts at B, 
and the power at 4. And becauſe BC = CA, re (by 
Prop. 19.) the power P is equal to the weight 5 
And (in fig. 40.) the fixt point B is the fulcrum, and the 
weight acts at C, and the power at 4; and ſince BC is half 4B; 
therefore (by Prop. 19.) the power P is half the weight Y. 


Cor. Hence all fixt pulleys are equivalent to leavers of the firſs 41. 
kind. And they add no new force to the power, but only ſerve to 
change the direction, and facilitate the motion of the rope: But a 
moveable pulley doubles the force. And if a rope go over ſeveral, 
| pulleys, A, B, C, whoſe blocks are all ft; the power is neither. 
increaſed nor diminiſhed. Ns n 
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7 ebe rope at the mov e will be in oquilibrio. 


For (b ax. 18.) all the rope m, 6, e 6G | 1 
are ik thy y ſtretched; gps ft by 5 | '_ 
number of ropes that act againſt the 3 locks and the 
rope v or the power P acts with the force of one. Therefore 

: VE paws. to the weight; as 1 to the ee e 
ing at the moveable block 4, 


Cor. -Hence the power is to the * 5 55 which the se 


Duck B is drawn; 45 1 to the oO of ropes te againſt tbat 
: | W ad _. | | | 


Ex ON PROP. XX 5 x6 
a. 8 2 5 the power P de to: Ip Vi n the 1 
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3 = For the « nigh fr 1 of one * whilſt the _ 
power deſcribes the circumference whoſe radius is PC. There- - | 
23 : _- to e the velocities. of the 2 weight — 12 

=. ENTS ae in equilibric. 


43. Cor. 1. In the . or — he ſerew AB, whoſe teeth * » 
YN the teeth of the- wheel CD. ¶ you take the diftance of two thread. 


ix the ſcrew AB, according 10 the length of the. axis AB ; or ibe 


. diſtance £> two teeth in the wheel CD, in direftion of the circum. - 
L my And if a weight V ad at the circumference of the wheel - 
| Ben if the power P, be to the weight N; as that diſtance . 
(of 2 teeth or threads), to the length deſcribeed by. the power P, 
in one revolution; then they are in equilibrio.. . Ke 
For in one revolution of P, the wheel DC with the 2 
V, has moved the diſtance of one tooth. 


8 the: by Cor. : 
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Cor. 2. And by reaſon of the obli 
acting to the teeth, the al force perpendicular to 
the wheel, and the diret# force in the plane of the wheel ; will be 
ch. as as radius; the fine, and coſine of the obliquity of the 
dert 
For let GD be the fide of a tooth acted on; GE parallel to 44+ 
T | 
5 Pane of the wheel. Now if GD repreſent the force acting 
perpendicular to the tooth. - Then DE, GE will be the forces 
Se, directions GE, Py Cor. 1. Prop. 8.) but if 
. DE is the fine the obliquity, and GE the 


of the teeth, the force ; 


The lee the Soy of the. threads, and the longer 
the "Hands, is; the eafier any given weight is moved. 


Cor. 4. What is bere demonſtrated, will hold equally true, if the 
wheel - alt upon another wheel with oblique teeth, inſtead of the 
worm 


$SCHOL. 


The force of the ſcrew reſembles the force that drives a body 
IC inclined plane; the force acting parallel to the baſe of the 


PROP. XXX. 
Let ENV be the baſe of a wedge i in form of an iſoctles triangle 48 
then if the power acting perpendicular to the baſe FG, is to the 
force acting againſt either fide, in direction perpendicular to that 


fide ; as the baſe of the wedge FG, to either of the _ EF, 
EG : Then the wedge is in equilibrio. - 


For draw the axis ED perpendicular to the baſe FG and 
CA, CB perpendicular to the ſides EF, EG; then DC is the ; 
direction of the power. And (by Prop. 9.) the impediment to | . 
be removed, acts againſt the wedge in the directions AC, BC; 
and therefore (by Cor. 1. Prop. 8.) the power, and the actions 
of the mpediment, are as Jo, FE, EG reſpettively, when 
they are in equilibrio. | 
G 2 Cor. 


4 MECHANIC POWERS. 
Fin. 


Cor: 1. The power afting | perpendicular ts a. pedo 
fore ating againſt either fide, in direction parallel to the baſe FG 


cular to the axis DE; as the baſe FG, to the hight 


. ED : When the wedge is in r 4 

For the force EG may be divided into the two ED, DG (by 
Cor. 3. Prop, 7.) Then rate wil” y this Prop.) EG is the force 
. ED e e 15-4 . 
tion a 


Cor. 2. The ſharper the wedge, or the more acute its angle, the _ 
| W \ 


SECT. 


Ge oh; 8 E C T. Iv. 1 
The deſcent of bodies upon inclined Planes, and in 
curve ſurfaces ; and the motion of pendulums. 


nt. 


PROP. XXXI. 


If a beavy body W, be ſuſtained upon an inclined plane AC, by a 
power acting in a direction parallel to that plane. Then 


The weight of the body, © the length AC, 
The power that ſuſtains it, the hight CB, 
And its preſſure againſt the plane; ( and the baſe AB, 
Are reſpettively, as of the plane. 


Draw BD perpendicular to AC; then the force of gravity | 
lar 


tends perpendicular to the horizon, or parallel to CB; and the 
direction of the power is parallel to DC; and the preſſure againſt 
the plane is (by Prop. 9.) parallel to DB. And therefore their 
uantities are reſpectively as the three lines CB, CD, BD, (by 
rop. 8.); that is, by ſimilar triangles, as AC, CB, and AB. 


Cor. 1. The weight, power, and preſſure; are reſpefively, as 
radius, the fine, and cofine of the planes elevation. 8 
For the ſides are as the ſines of the oppoſite angles. 


Cor. 2. The relative weight of a body, to make it run down an 
znclined plane, is as tbe hight direfly, and length reciprocally, 


= or it is as the fine of the planes elevation. 


Cor. 3. If a cylinder be ſuſtained upon an inclined plane, by a 
power drawing one end of a rope parallel to the. plane, whilſt the 
other end is fixt. This power is to the weight of the cylinder; as 
balf the bight,. to the length of the plane. 5 | 

For half the relative weight of the cylinder is ſuſtained, by 
the other end of the rope which is fixt. ed 
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If it be required to find the poſition of the plane AC, whoſe 
hight BC. is ee ; ſo that the : given weight may be raiſed 
ength of the plane AC, in the leaſt time poſſible, 
by any given power P, acting in direction DC. Make AC = 


. * BC, and you have your deſire. 


PROP. XXXIL 


I 4 be body W be ſuſtained upon an inclined plane 
. parallel to the horizon. Then, Kg obs 


. The weight of the body, the baſe AB, 
The power that ſuſtains it, the 7 CB, 
The preſſure againſt the plane, ( and ihe length AC, 
Are pe /detiuely as > of the plane. 
For the body is ſuſtained by three forces, the power, the 
gravity, and re- action of the plane; the weight is icular 


to AB, che power is perpendicular to CB, and the preſſure is 


perpendicular to AC. Therefore (by Cor. 1. Prop. 8.) theſe 


forces are as AB, CB, AG. © 


48, 
49. 


Cor. Hence the preſſure on the plane, the power and the weight ; 
are reſpettively, as. radius, the fine and coſine of the planes ele- 
vation, | 25 . 


— 


PROP. XXXIII. 


Fa heavy body W be ſuſtained upon an inclined plane AC, by a 
power P atting in any given direction WP. And if BED be let 
fall perpendicular on WP. Then, . © 
Power P, | DY, =o © | 

Weigbt of the body V, AB, 
Preſſure upon the plane, I AD. 
Will be reſpefiively, as )- 5 


For 


Set. IV, 6#INCLINED PLANES. 


„ dd of the power, 


"AB to the direction of gravity, and 4D to the direction of the 
| = on the he Therefore (by Cor. 1. Prop. 8.) theſe 


ces will be en Prep AB, 8 15 8 


Cor. 1. The power, weight, and — * againſt the plans; are 
veſpetively as the fine of the planes elevation, cofine of the angle of 
tration CWP, and the. ceſine 77 the direBion of the power above 


Wann. 
8 is the that the direction of the 
with the plane. in the e ABD, the 
ides are as the fines lines ra org e SD 
complement, of- Rur To | 


cor. 2. Hence ke the line of Aveftion of 'the power be ele- 
vated, above, or below the plane; if the angles of traction be equal ; 
equal powers will ſuſtain the weight. But the preſſure is Seater 
when the line of diremion runs below the plane. 


Cor. 3. The power P is leaſt when the line of direSion is parallel 


to the *. Aud infinite when perpendicular to it. eve to 
the weight, when perpendicular to the horizon. = _ 


Cor. 4. Fa weight upon an inclined plane be in eguilibrio with 


another hanging freely; their Perpendicular velocities will be reci- 
Procally as their quantities. 


For ler he weight ir be made &. deten to and draw 
Vr dicular to AE; and Vt, Do to AB; then the weight 
P will have aſcended a hight = = Ar, which is its perpendicular 

aſcent ; and Wt is the dicular deſcent of . The 

Arut and AEDv are ſimilar, as alſo the triangles AEB, DvB. 

Whence Wt : Ar: : Dv : AE 3 AB : : (by r 2 

Pe M3: | 


Cor. 5. And therefore if any two bodies be in equilibrio upon two 


inclined planes; their perpendicular velocities ow be reciprocally as 


their quantities of matter. 


- 


*. 
\ ö 


PROP. 


50. 


DE — or BO 11 


rn Or. r. 


The ſpace which a body ( deſcending freak „ an . 
clined plane, is to the ſpace which a Boch falling perpendicularly, 


' deſcribes in the Jame ti fine; as the 325 7 3 ay CB, to its 
length AC. 


The force wherewith a body REN to > Geena! upon an | 
inclined plane, is equal to the power that ſuſtains 4 and (bʒß 
Prop. 31.) that power is to the weight of the body 4 CB to CA. 
Than the body is urged _ the plane, by an uniformly 
' accelerating force, which is to the force of gravi 3 CB to CA. 
But (by Prop. 5.) the motion generated in the time, and 
in the "cl body, is as the force, that is (ſince the body is given) 
the velocity is as the force. And (by Prop. 3.) the ſpaces 
uniformly deſcribed with the laſt velocities will be as theſe velo- 
cities; and (by Cor: 1. Prop. 6.) theſe ſpaces are double the 
ſpaces deſcribed by the accelerating forces. Therefore the ſpaces 
deſcribed on the plane and in the perpendicular, are as the laſt 
velocities, or as the forces, that is as CB to CA. 


Cor. 1. Hence if BD be let fall perpendicular to 2 AC; thes-in 
the time a body falls through the hight CB; another body, deſcend- 
ing along the inclined plane, will run through the ſpace CD. 


For theſe ſpaces are as CA to CB, that is, as CB to CD, 8 


Can 2,9 be velocity 3 bn an | inclined plane, is to the 


velocity acquired in the _ time by falling er 3 4s CB 
70 C4, or as CD % CB. 


Cor. 3. 7 be ſpace deſcribed by a body falling down any 3 in 
a given time, is as the fine of the Plane elevation. 


For if CB be given, CD is as the ſine of CBD or CAB. N 


Cor. 4. Tbe ſpaces. are „ a body eme an any given 
* are as the ſquares of the times. 


PROP. 


* * - 25 | 
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Te time 0 4 | body's deſeending. through the * CD, is to the 
time of alisg through the perpendicular TR * as the _ 
. of the plane DC, to the bight CE. 


For DE, AB being perpendicular to CB, and BD to AC. 
The time of deſcending through CD or the perpendicular CB : 
S (by hd 14.) 9 W 
CD: 


Cor. If the body be made to move back again with the velocity 
acquired in deſcending, it will M to the ſame bight on the plane, 


and in the ſame time. 


51. 


For it will be uniformly retarded in aſcending; and in all 


Points will have the ſame velocity i in aſcending as CSR, 
SCH 8 


Since the force by which bodies deſcend down an inclined 
lane, is a uniformly accelerative force ; therefore whatever is 
demonſtrated of falling bodies in Sect. II. holds ually true, 
in regard to the motion of bodies 2 an inclined A ſub- 
ſtituting the relative weight upon the plane, inſtead of the ab- 
ſolute weight of the body. 
Hence therefore a body projected on an inclined plane, will 
deſcribe a parabola. And if the velocity of projection upon 
the plane, be to the velocity of a projectile in No air; as the 
| 8 gravity on the plane, to the abſolute gravity. And 
ae jected at the ſame obliquity; the ſame parabola will 
deſcribed 1 in both cales. l 


PROP. XXXVI. | 5d; 


A body acquires the ſame veldclty in A down an a | 
plane CD, as 9 falling perpendicularly N * OUR of that 


plane CE. 


For draw DB perpendicular to CD, and the bodies will defoend 


— 


9 CD, CB in the oe ak then (by Cor. 2. Prop. 34.) 


velocity 


F 1 G, 
51. 


 bight, whether it fa 
of equal hight. 


52. 


' -DESCEN TT or -BODIES , | >» 
velocity in D: velocity in B:: CE: CD, and (Cor. 1. 4 
14.) velocity in B: velocity in E:: Vc: CE :: CD. CE. 
Therefore velocity in D: velocity in E:: CE: CE, and there- 
fore the velocities in D and E are equal. | 


S 


Cor. 1. A body acquire the ſame velocity in falling from ary 


perpendicularly, or down an inclined plane 
' Cor. 2. Hence the velocities achajred by heavy bodies fa ; from 
the ſame hight, to the ſame horizontal right line, on pa rv 


whatever, are equal among themſelves. 


Cor. 3. If the velocities be equal at any two equal altitudes D, E; 
they will be equal at any other two equal altitudes A, B. And ac- 
quire equal increaſes of velocity, in paſſmg through EB, "DA of equat 


Big bis. 5 


Cor. 4. The velocities acquired by deſcending down any plaxes 
whatever, are as the ſquare roots of the bigbis. 


PROP. XXXVIL 


* a circle whoſe diameter CB is perpendicular 10 the borizon ; 4 


body will deſcend through am cord CD or DB, in the ſame time 
as it will deſcend perpendicularly through the diameter CB. 


For the angle at D is right, therefore (by Cor. 1. Prop. 34.) 
the time of deſcending through CD will be equal to the time 
of deſcending perpendicularly through CB. Draw CE parallel 
to DB, then will CE be equal to DB; and a body will deſcend + 
through the cords. CE, DB in the ſame time. But the time of 
deſcending through CE is the ſame as falling through the dia- 
meter. Therefore the. time of deſcending through any cord 


D, DB, is the ſame as falling through the diameter CB. 


Cor. 1. The times of deſcending through all the cords of a circle, 
drawn from either point C or B, are equal among themſelves, 


Cor. 2. The velocity acquired by deſcending through any cord CD, 
or DB, is as the length of the cord. : 


For 


% 


a 
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and DB = VN and (by Prop. 36.) a body acquires 
the ſame velocity in deſcending through CD, as in falling through 
CF, but this (by Cor. 1. Prop. 14.) is as CF, that is as CD. 
Alſo a body acquires the ſame velocity through DB. as FB, and 
that = BF, or as DBB. 8 


Cor. 3. But a body will deſcend ſooner through the ſmall arch of 
a circle, than through its cord TB. : | 

For if BG, TG be two tangents; then the relative gravity 
at T in the arch and cord, will (by Cor. 1. Prop. 31.) be as 
the ſines of the angles TGO, TBO, or as BT and TG, or BG, 
that is nearly as 2 to 1 when the arch is very ſmall. And the 
accelerative force in the circle being double to that in the cord; 
therefore the velocity will be greater in the arch, and the time 
of deſcription ſhorter ; though their lengths are nearly the ſame, 


PROP." XXXVIIL 
If a body deſetid; freely along any curve ſurface, and another body 


deſcends from the ſame hight in a perpendicular right line ; their 


.” velocities will be equal at all equal altitudes. © 


Let a body deſcend from 4 towards C perpendicular to the 
horizon 50; and another deſcend through the curve furface 
AKB. Divide AC into an infinite number of equal parts, at 
the points D, E, F, Sc. to which draw lines parallel to BC, 
interſecting the curve in IJ. K, G, Gc. then the curve line AKB 
will be divided into an infinite number of parts, IX, KG, c. 
which may be taken for right lines; or the curve ſurface into 
an infinite number of planes, joining at I, K, G, Sc. 

Now if the velocities be fa poſed to be equal in any corre- 
ſpondent points as 7 and D, x > (by Cor. 3. Prop. 36.) they 


will be equal in K and E, after the deſcent through IK; and 


being equal in K and E, they will alſo be equal in G and F, 


after the deſcent through KG, and ſo on. Therefore fince the 


motion begins in A, they will acquire equal velocities in de- 
ſcending through the firſt plane, and likewiſe through the ad, 


3d, 4th, Fc. And therefore the velocities will be equal in all 


cor ndent points I and D, K and E, & and F, Sc. and at 
PETS m ee e 


Ha . | Cor. 


| ag 3 
For draw DF. perpendicular to CB; then CD = V/CBXCF, F 1 6. 
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nd „ 
oſcillating deſcribes any curve AB ; or if it is any way forced to 


move in any poliſhed, and perfettly ſmooth ſurface AB ; whilſt ano 
ther body aſcends or deſcends in a right line. Then if their veloci- 
ties be equal at any one equal altitude; they will be equal at all © 
other equal altitudes. 2 F 


For the ſame thing is ed oy the 1 of the pendulous 
a poliſhed . 


Cur. 1. Therefore if @ body be Jſpended by a Hu, and 


body, as by the ſmooth ſurface body. 

Cor. 2. Hence, à body oſcillating in any curve line whatever, ac- 
res the ſame velocity in the curve; as if it had fallen perpendi- 
3 from the ſame hight. And therefore the velocity in am point 
of the curve, is as the ſquare root of the hight deſcended,  _ 


* 
4 


Cor. 3. And a body after its deſcent through any curve, will 
aſcend to the ſame hight in a ſimilar and equal curve, or even in any 
curve whatever, And the velocities will be equal at all equal alti- 
tudes. And the aſcent and deſcent will be in the ſame time, if the 
curves are the ſame. N 3 

For the forces that generated the motion in deſcending, will 
equally deſtroy it in aſcending, and therefore they will loſe equal 
velocities by aſcending equal hights. And if the curves are 
ſimilar and equal, every particle of the curve will be deſcribed 
with the ſame velocity, and therefore in the ſame time, whether 
aſcending or deſcending. BEE 


Cor. 4. This Prop. is equally trae, whether the curve AKB be 


in one plane perpendicular to the horizon, or in ſevcral planes IK, 
KG, &c. winding about in nature of @ ſpiral. 5 


Pp RO P. XXXIX. 


D The times of deſcent through two femilar parts of fimilar curves; are 


in the ſubduplicate ratio of their lengths, ab, AB, © 


Divide both curves into an equal number of infinitely ſmall 
parts, ſimilar to each other; and let bc, BC, be two of them, 
fimilarly poſited ; and. draw rb, RB, perpendicular to ab, AH. 
By Prop. III. the fpace deſcribed is as the time and velocity, 
and the time of ' deſcribing any ſpace, is as the ſpace directly 
and velocity reciprocally. By Cor. 2. Prop. 38. the velocities 

> nh | : in 


Sell. IV. | IN, CURVE: SURFACES. 


7 
5 V. U : Ad: AD, becauſe he 


curves are ſimilarly divided. Whence, by compoſition, the 1 * 
time of deſcribing ab: whole time of deſcribing 4B : 
the ſame given ratio of Hab: +4B, or ad: VAD. 


Cor. 1. Hence if two pendulums deſcribe ſimilar arches; the times 
of their vibrations, are as the ſquare roots of their ik. Or tbe 


W as the ſquares of the times of vibration. 
or let bd, HD, be the lengths of the pendulums ; then be- 
cauſe the figures are ſimilar, it is ad: AD: :: HD. 


Cor. 2. If a pendulum vibrates in a circle, the aalecity in the 
loweſt point, is as the cord of the arch it deſeribed i in deſcending. 

For (by Cor. 2. 38.) it acquires the ſame a oe; AN in 
the arch as in the cord; Fr (by Cor. 2. Prop. 37. ) the velo- 
city in the cord, is as the cord. | 


© Cor. 3. The lengths of EG nahe i in ſimila n are 


a reciprocal ly proportional to the ſquares of the number of their vibra- 
tions, in a dives time. 


Rr 4 Sy ad - 


Fa PEW: ors in a geleid 1 the time of one ARE, Fa 

to the time of a . body's falling perpendicularly through half the 

| 5 of the OI 3 as the b. e of a circle to the 
rameter. , 


Let Ma be the cycloid, FD its auis, D the 8 | 
circle. Let the body deſcend from H, and in vibrating deſcribe 


the arch HD. Divide HD into incatmeratile ſmall parts, and 
let Bb be one of them. Through H, B, ;, draw Laab, BL, 
b}, perpendicular to the axis FD. About 'the diameter MD 
deſcribe the ſemi⸗ circle MLD ; and from its center 9, draw 
TR alſo draw LP parallel to MD, and DE, DG, GE. "= 
TY 7 


33 
n 5 and B are 234/47 and NI, that is becauſe arb, IRB » 1 0. 
are ſimilar, a3 Hab and AB. Tie be ons of 64 


2 
e ee e. 
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i VIBRAT ION or PENDULU MSS. | 
The triangles CDG; GDE are fimilar, and CD DE=GD*; 


Alſo the triangles LN and IL are Iſimilar, and ML: PL: 


2 Li, and. 2 NMI. . MI): LI. And ſince by the na- 
ture of the cycloid, the tangent in B is parallel to the arch GD, 
therefore Gg is equal and parallel to Bs. / | 


No ſuppoſe a body to deſcend from E through the inclined | 


plane ED; ſince this is a motion uniformly accelerated, there- 
tore (by Cor. 1. Prop. 6.) it would, in the time of its fall, 
deſcribe 2 ED, with the velocity acquired in D. And ſince (by 
Cor. Prop. 3.) the times are as the ſpaces directly, and velo- 
cities reciprocally; and (by Cor. 2. Prop. 38.) the velocities -. 
are as the ſquare roots of the hights; therefore it will be, as 
time of deſcribing ED : time in C:: 2 2 
SMD nam id - TI 2 
MD or 2: N 2 2 : nnn 


triangles. 


. - 


Again, when the velocity is given, the dings 3s Su chi ſpace 
deſcribed. Therefore it will be, as time in Ce: time in B: 


Ce: Bhor g:: CD : GD or /CDxDE:: CD: DE :'; 


IN: VII; by ſimilar triangles. Therefore ex equo, time 


in ED : time in BGU: : 2 / MDXMNXDN : Nny/ DM : : 


2M Dor 2NL : Nu: : MD + Ll. Therefore, by com- 


© poſition it is, as time in ED: time in the arch Hb: : MD : arch 


vV DH*—DB*, or / HBxBDb. 


MI. And as the time in ED: whole time in HD:: MD: 
ſemi-circumference MLD. Te 

And fince the time of deſcending through HD is equal to 
the time of aſcending through Dh: and (by Prop. 37.) the time 
of deſcending through ED is equal to the time in the diameter 
FD. And 2½ is = DY, the length of the pendulum (being 
the radius of curvature in D); therefore as the time of fallin 


through half the length of the pendulum FD: time in HDb, 


or time of one vibration : : diameter MD : circumference 2 MLD. 
Cor. 1. Hence all vibrations great and ſmall, are performed in 5 

the ſame time. For the deſcent through HD is always the fame, 

wherever the point I is taken. 6 Go MN 


Cor. 2 be time of deſcent in HB, to-the time of deſcent in HD; 
is as the arch ML, to the ſemi-circumference ML D. 3 


- Cor. 2. The velocity of the pendulum in any point B, is as 


| For 


Sec. IV. VIBRATION or PENDULUMS. 


— 


22 


| For (by Cor. Is Prop. 14.) the ſquare of the velocity in B x 18. 


A thatis as MD—ND, or Eg E or DH—DB:; 
| becauſe DH =2DE, and DB = 2GD, by the nature of the 
cycloid; and DF is given. Fr" fs {3479 Loft 


Cier. 4. If the length of the. pendulum VD be made double the 
axis TD; and ANV, arV, be two ſemi-cycloids equa! to AHD, 
and ſo placed that the vertex (as D) be at A and a, Then the pen- 


dulum VH vibrating between the cycloidal cheeks AR, ar; the | 


point H will deſcribe the cycloid AHDhba; and the time of its 
vibration will be 3.1416 X time of falling through FD, half the 
length of the pendulum. ADS . 

All this follows from the nature of the cycloid. 


Cor. 5. Hence alſo it appears from experiments on pentlulums, that 
at the ſurface of the earth, a heavy body will deſcend through a 


ſpace of 16 rs engliſh feet nearly, in one ſecond of time. | 
For it is found by obſervation upon clocks, that a pendu- 


lum 39, 13 inches long, vibrates once in a ſecond ; therefore 
! —— 

3.1416 

And conſequently (by Prop. 14.) the ſpace fallen through in 

1 ſecond will be — * 31416 2193,96 inches 16.0913 

feet; Yet a pendulum vibrating freely will be Reg longer 

in vibrating than a clock; becauſe the palate wheel of the clock 


acting againſt it, takes off ſomething from its aſcent, and makes 
it return ſooner, or ſhortens the time. 


Cor. 6, Hence alſo if pendulums of the ſame quantity of matter, 
and unequal lengths, be ated on by different forces of gravity ; their 

lengths will be as the forces of gravity, and the ſquares of the 
times of vibration. 5 N 
For the times of vibration are in a given ratio to the times 
of deſcent through half the lengths of the pendulums. And 
(by Cor. 3. Prop. 5.) if the matter be given, the velocity ge- 
nerated in deſcending bodies is as the force and time; and hy 
Prop. 6.) the ſpace deſcended is as the velocity and time, that 
is as the force and ſquare of the time. Therefore half the 
length of the pendulum, is as the force, and ſquare of the 
time of deſcending half its length; whence the length is as the 

force and ſquare of the time of vibration. 


Cor. 


= time of a bedy's falling through FD or 32 inches. 
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Cor. 7. From the motion of pendulums it alſo follows, that in any © 


one place, the quantity of matter in any body iñ proportional to it 


weight. | ; 


- 


For it is certain from experience. that pendulums of equal 
length, whatever quantities of matter they contain, vibrate in 
the ſame time. - Therefore they will deſcend through half the 
length of the pendulum in the ſame time; and conſequently 
would acquire equal velocities in the ſame time. Therefore 
(by Prop. g.) the velocity and time being given, the quantity 
RD a MEAS oy 0 gh nl Wy N 33 


Cor. 8. Hence it alſo follows, that there are vacuities or empty 


| ſpaces in bodies. For ſince (by Cor. 7.) the quantity of matter 
is as the weight of the body; if it were true that there is an 


abſolute plenum, all bodies of the ſame bulk muſt be of equal 


weight: which is contrary to all experience. 


37. 


PROP. XII. 


If a pendulum AT ofcillates in a circle T R; and in the mean 
time be afted on in the ſeveral points T, by a force tending per- 


 pendicular to the borizon, which is to the uniform force of gra- 


vity; as the arch TR, is to the fine TN: The times of all 
vibrations will be equal, whether greater or leſſer. | 


For from any point T draw TZ perpendicular to the horizon, 


and TY a tangent to the circle in 7; and let AT expreſs the 


uniform force of gravity, TZ the variable force at T; draw 


2x perpendicular to TY. Then the force 7Z will be reſolved 


into the two TY, YZ. Of which YZ, acting in direction AT, 
does not at all change the motion of the body. But the force 


2 directly accelerates its motion in the circle TR. The tri- 


angles ATN, ZTY are ſimilar, and TZ : TA: : TY : TN; 
but (by ſuppoſition) TZ : TA : : arch TR : TN; therefore 
TY = arch TR: that is, the force TY is as the arch to be de- 
ſcribed TR. Therefore if AT, At, be let fall together from 
the points T, f; the velocities generated in equal times, will 
be as the forces T, ty; that is as the arches TR, R, to be 
deſcribed. But the parts deſcribed at the beginning of the mo- 
tion, are as the velocities, that is as the wholes to be deſcribed 

| p 5 
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at the beginning 3 and therefore the parts which remain to be s 1 6. 
deſcribed, and 99 — accelerations proportional to theſe 35. 
parts, are alſo as the wholes; c. Therefore the velocities ge- 
nerated, and the parts deſcribed with theſe velocities, and the 

to be deſcribed, are always as the wholes. And therefore 

the parts to be deſcribed, being every where as the velocities 
they are deſcribed with, will be deſcribed in equal times and 
vaniſh together: that is, the two bodies oſcillating will arrive 
at the perpendicular AR together. SP 


Cor. 1. Hence, that the vibrations ins circle may be iſocronal ; 
the farce TZ muſt be =" TX x graviqy. 45 


Cor. 2. Hence if a pendulum vibrates by. the force of gravi 
only; the times BE 50s in very ſmall, different FLAY wil 

For in ſmall arches the ratio of the arch to the fine is nearly 
a ratio of equality. 8 


Cor. 3. But the time of vibration in larger arches, is greater 
than the time in leſſer arches of a circle. | 

For the gravity at T being leſs than the iſocronal force; the FE 
body will be longer in deſcribing that arch. | | 


Cor. 4. Hence alſe if a pendulum vibrates in the ſmall arch of a 
circle; the time of one vibration is to the time ofa body's falling 
through twice the length of the pendulum ; as half the circumference 
of a circle to the diameter. 3 | | | 

For AR is the radius of curvature of a cycloid, whoſe axis 
is x AR. Therefore the circle and cychbid coincide at R, and 
the ſmall arches of both will be -deferibed in the fame time; 
_ that is as expreſſed by Prop. 40. only here we take twice the 

8 of the pendulum and half the circumference, which comes 
to the ſame ting, | 


by Cor. 1. Prop. 39. 
SCHOL. 


In theſe p ions, the vibrating body is ſuppoſed to be 
very ſmall, and is therefore conſidered only as a point. But if 
it be of any determinate bigneſs, the point to which the length 

of the pendulum is 8 is not in the middle or center of 
gravity of the body; but in another place, and is called the 
e k 

e Ns | AY 
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VIBRATION or PEN DULU MS. 
It has deen proved, that a pendulum is longer in-vibriting in 5 
a large arch of a circle than in a ſmall one. And it may be 
computed, that if a pendulum vibrates ſeconds in an extremely 
fall cha and C be the length in inches, of the cord of any 
arch A; then 31 CC will be the ſeconds 5 in 24 hours by 
vibrating in the arch 24. | 
And if a pendulum vibrates ſeconds ; in an arch 24, and nd c be | 
the cord: of a, or of half the whole arch. Then 33 x CCce 


will be the ſeconds loſt in 24 hours, by vibrating in the arch, 
the cord of whoſe half is C. 


Alſo if the bob of ſuch a ' pendulum can be ſerewed up or 


down; and you put n = number of threads of the ſcrew con- 


8 tained in an arch, y = time in minutes that the clock 


| loſes in 24 hours. Then it follows „ 


that . ny will be the number of threads or revolutions of the 


nut, a bed k to be let down or raiſed up, to beat ſe- 


conds. 


= 
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PROP. 3k, 


If line be drawn from the center of ty of a body perpendi- 
cular to the horizon ; if this en ular falls within the baſe 
upon which the body reſts, - the 159, will Os: but aig it HR 
without = baſe, * will. fall down | 


| e TOES C46 I. 
ss. 


Let be the center of vity, cD perpendicular to the ho- 38. 
rizon, falling within the baſe BEFG.; draw. RC, and ſuppoſe 
the whole body ſuſpended at the point C; then (by def. 12.), 
the body will be in equilibrio, and remain at reſt upon DC. 
Now take away DC, and ſuppoſe the body to be ſupported only 
upon the line "kc, moveable about R; then (by ax. 8.) the 

body AB, with the line RC will ee to deſcend 
from the poſition RC towards D. Alſo for the ſame reaſon 
the body and the line C& will endeavour to deſcend from the 
poſition CS towards D; but as | theſe two motions oppoſe one 
another, the body will be ſuſtained by the points R, S, and 

| therefore it-will fand without falling. And the ſame is true 
of every two oppoſite points R, S. DEE VESs $42) 


Case II. 


n if G fl without de baſe 3. then the line RC and the 59. 
body at C will endeavour to deſcend towards D ; alſo the body 


C and line CS will endeavour to deſcend towards. D likewiſe z <> 
and as this motion does not ſe the other, there will be 
nothi 3 ſupport che bean, therefor it muſt RY fall 

tow 1 a1 i Av TS 


I 2 2 | 0 or. 


. TIN : | * 
PTY CENTER Or GRAVITY. 
- I 1 7 X 
FIG. 


r. l. Hane it follows, that if the center of gravity of d dach 
OT be ſupported, the whole" body is ſupported. "And the center N 
of the body muſt be eſteemed the place of the body. And if it 
ſuſtained by any leaver vr beam, iss place is at the point where the 


* beam is cut by a line drawn from the center of gravity perpendicular 
o the horizon. 1 8 185 n 


| | SUB) AVIS X0- OSS IAN) 

Cor. 2. All the gravity of a body, or the force it | endeavours 

to deſcend with, is collefted into the center of gravity : and there-' 

fore whatever ſuſtains the center of gravity, ſuſtains the whole 

weight. And the deſcent of a body muſt be eſtimated by the deſcent 
J ' 


/ 


Cor. 3. Hence alſo the. larger the baſe is, upon which a body 
ſtandt, and the further wilbin it the center of "gravity lies, the 
firmer the body will tand; und the more di "to. be removed. 
On the contrary, the leſs the baſe, or the Teſs the center of gravity 
Falls within it, ſo much the eaſier it is to be moved out of its place. 


60. Cor. 4. If @ boch be laid upon a plane GE, and one end F gra- 

+ » dually raiſed up; the body will ſlide down the plane, if the perpen- 
dicular CD fall within the baſe, but if it fall without, it will 
row! down. | OT en dee . 5 ” A e 15 
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. CC 50 
61. The common center of gravity C of tue badies A, B, is in the 
right line joining their centers of gravity ; and the diſtance of 

either body from the common center f gravity, is reciprocally as 
the quantity of matter in it.. YT © 
Let A B be the centers of gravity of 4 and B, and ſuppoſe 
AB to be an inflexible right line, or leaver; and C the fulcrum. 
Then if C be the center of gravity of the bodies A, I; theſe 
bodies (by def. 12.) will be in equilibrio. And conſequently 
(by Cor. 4. Prop. 19.) AC: CB:: 3: {7 us. 
ES * f | oy £11; + $323. 0+ n 
Cor. 1. If there be never ſo many. bodies; the common center of 
gravity of them all, is in the right line drawn from the center of 
gravity of any one, to the center of gravity of all the reſt : Fn 
© | | vides 


get. V. CENTER OH ORIAVAIT v. 
divides this line into two 3 ON 42 ee r- um 1G. 
ll ih reſt ef thi badies. * £ 


-- For lee D be another body ; and ler-B-and 4 de pd 
5 ane DE: CE. e ee 


ee 4. I froeral bodies. J. B. D. E, B FP RI 
a fireight leaver A; then the fulcrum C is at the common center. 
of grovity of all the l. ron | 
N R 
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. there be be ſeveral odies, 

© be drawn 1 orizomn the ſum of A: produits 
E each "body multiply'd by" its diſtance from that plane, if they 
are all ont one fide; or "their a iy 1h erent fades; 5 


equal to tb ſum of all the bodies multiply the Siftante TR 
common center of gravity from that plane. 


r wind e 


JS 


the fig. _———_— Cor ll iS, 55 1 
Prop. 1 Y force oy E ane 
Sons. 2 „ will be IS Wn ABA BIB. 


That is TRD Le e e 
NB, or dOxÞ e CNC- -C RCN 


D+E+&ÞA+B:- But becauſe C is che center of gravity of 


the. bodies, therefore (by Prep. 30.) MC UKE 


- aCxXA+bCxB.,; therefore, we. have mDxB EN EF. 


Akx A—BIXB SECA TDTETN. in It An © EH LS if 

Cor. 1. This Prop. is equally true for any plane whatever. For 

— — the plane and th bodies to be put into any oblique 
tion, all the "— will remain the ſame as before. 


Cor. 3. If. any Plane be drawn through the: common center of 


gravity C, 728 any . of bodies A, B, D, (Sc. and each body be 


way by the diſtance of its center of gravity, from that plane ; 


| PxfC= DxXdC + EceC. 


For the diftance of a body. muſt be eſtimated by the diſtance 
of its center of . 


Cor. 


E. F; and Jane P 
F Vans 2 


the ſum of the produfts on each, fide are equal: AC Ct 


61 


62. 
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Cre. 3. Hence alſo, the ſum (or difference) of the pradults of * 


each particle of a- body, multiph'd by its - diſtance from am plane 
whatever, is equal to the whole body multiply'd by "the: diſtance. of 
its center of gravity from that plane. And if the plane paſs through 
the center of gravity, the ſums of "the produtts on each fide are 
Cor. 4. The ſum of the forces of a ſyſtem of bodies is the very 
ſame, as if all the bodies were collected into their common center 
of gravity, and exerted their ſeveral forces there. Sn 
For the ſum of all the forces are Y EE, &c. or 
ROXA+B+D+E+EF. | T7 


* 5. And the ſame is true of any forces whatever, with regard 


i the center of gravity of theſe forces. And therefore if ſeveral 


55 80. 


forces aft in parallel directiont ; the ſum of all theſe forces will be 


| 2 to one fingle force; and their common center of gravity, 


place where it as. 


Cor. 6. If 4 circle be deſcribed about the center of gravity G, 
of a ſyſtem of bodies A, B, CI and any point & be taken at plea- 
ſure in the circumference ; then $AxXA+SB*XB+SCXC, is a 


* 
N # "34 * 4 


64. 


- any one of them as EC being produced, will paſs through the 


and the bodies not all in one plane. 


For draw SG, on which let fall the perpendiculars Aa, Bb, 
Cc. Then (by Eucl. II. 12, 13.) S£XA+SB*XB+SCxC= 
SG* +GA* +28GxGaxA+ 8G*+GB*—28GXGbXB+8G* +GC* 
TCC. But (by Cor. 2.) GCB CC go, 


and all the reſt are given quantities. 


PROP. XIV. 
If there be ſeveral forces in one plane, afting againſt one another 
in the point C, whoſe quantities and directions are CA, CB, CD, 


CE, CF; and if they keep one another in equilibrio : I 2 C is 
tbe center of gravity of all the points A, 5, C, D, E. Aud 


center of gravity G of all the reſt. 


| 


Since 


8. v. enNTEN or 'GRAVITY: 


\ Sato alt Ne foes e h ee ch fur ur the forces 
f aftin againſt EC will deſtroy its effects, and act againſt it in 


the fame line of direction. 


U x EC let fall the perpendiculars As, Bb, Dd, Hf Then 


any AC is divided into two Aa, aC. Now as the point 


195 63 


1 10. 
* 


C is in equilibrio, all the perpendicular forces Aa, Bb, on one 
fide, are equal to all thoſe Dd, Ff, on the other, by ax. 11. 


And if the body 1 be ſuppoſed to be ſuſpended at A, B, D, 
E, F. Then ſince Aaxi+Bbxt=Ddxi+Ffx1 ;. the center 


| of of the bodies 4, B, C, D, (and alſo of all the bo- 
22 & 877 que equilibrium 
=Cb+Cd+Cf, And 


of the forces, that EC 
C e 4 5, F; 


e . 


| Go. I. If G be the conter af gravity of & B, D, F; then EC 

Ecos number of points A, B, D, F. 

5 S; For EC=Cb+Cd+Cf—Ca= CGT +D+F, or 406, by 
rop. 44- pd rus , | 


Cor. 2. Sum of all the perpendiculars on one ſide, Aa, BG 


ſum Dd, Ef, on the other fide of EC. And the ſum of their 


diſtances CE, Ca, on one fide = S ſum Cd, Cb, Cf, on the other 


fide of C. - 


j 


PN LVE 


| If a body be afted on s by ſeveral fories A, B. C, D, E, in the 
parallel directions Aa, Bb, Sc. and kept in equilibrio ; and if 
any plane RN be drawn from any point R : The ſum of the forces 
on on dach fide are equal, A+D=B+C+E ; and the ſum of the 
"produtts on each fide, are equal to the like ſum of the produfts 
on the other fide, RaxA+RdxD=RbXxB+ RexXC—ReXE , 
aud the contrary: Where any produft lying the "ww. way 
from R, muſt be taken negative. 


Fat oppo KF to be the theſe forces; 
then (by Fd re rces. A and D 
| 8 e 8 O, their 


center 


64 ENTER os GRAVITY. .v 6 

rx 6, center of grey 1 the effect ark B, ee 3, c, e, 

63. is the ſame as if they all acted at their center of gravity z which, 
8. beeauſe the d neee ſame point O. And there 


fore, becauſe of the equilibrium; 44+D=B+C+E, for the 
quantity of force... _ ONT: ab eee, 


. * 4 N K 
In reſpect to their places, becauſe O is the center of gravity 
of A and. Dias well as of B, C and Ez; therefore (by qe, 
RaxA+Rd xD = RO E= ROXB+C+E=RbxB+ReyC 
—RexE. And on the contrary, if /theſe forces be equal, the 
body will be in equilibrio, by ax. g.... 


66. Cor. 1. If a body FBI be at reſt: whilſt it is afted "upon by 
ſeveral forces, in the ſame plane, whoſe quantities r 
PA, 9B, C, D. tE, entring any line RN draton in the body at 
p, 9, Cc. and the perpendiculars Aa, Bb, Cc. are drawn; then I 
ſay, 1. The ſum of the perpendicular forces an each fide are ;equal, 
Aa+Dd=Bb+Cc+Ee. 2. The ſums of the.contrary forces in di- 
rection f the line RN are = pa- rc te. 3. The © 
ſum of the rectangles on each fide, from amy point R, are equal, 
RpxAa+RoxDd=RqxBb+RrxCe+RixEes. But where the 
points lie the contrary way from R, the rectangles muſt be negative. 
And when all theſe are equal, the body is at reſt. © | 
For ſince it is the ſame thing whether any force A act, at 4 
— For at p, we will ſuppoſe it to act at p; then if the oblique 
force pA be divided into the two pa, a4; and the fame for the 
reſt: then the ſum of all the forces pa muſt be equal to the 
ſum of all the contrary forces cr, by ax. 11. The reſt follows 
from this Prop. x 


Cor. 2. And if a body be kept in equilibrio by ſeveral forces afting 
at different points, and in different directions, either in th: ſame 
| Plane, or in different planes; it will ſtill be in equilibrio, by the 
ame forces, acting from any one point, and in direction. | 
parallel to the former. 6 rk IRS - 
For in the ſame plane the forces parallel and perpendicular 
to RN, will remain the ſame as before. And when the direc- 
tions of any of the forces are out of this plane, all theſe ex- 
trayvagant or extraneous forces may be geduced to others, one 
part acting in the plane, the other icular to it; and both 
theſe remain the ſame in quantity as before. And ſince the 
forces acting in the plane, kept one another in equilibrio at firſt, 
they will do the fame ſtill. And as the parts perpendicular to 
this plane, alſo kept one another in equilibrio at farſt, they will 
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Set. V. CENTER or GRAVITY. 65 
do the ſame when apply'd to their common center of gravity ; s 1 C. 
or to any other point. 66. 


Cor. 3. If ſeveral forces acting after any manner keep a body un- 
moved; and any plant whatever be drawn; and the vagrant forces 

Be all reduced to that plane; then all the perpendicular forces on one 

fide, are equal to thoſe on the other ;. and their centers of gravity fal! 
in the ſame point. When this does not happen in all planes, the body 
will be moved ſome way or other. 


PROP. XLVIL 
To find the center of gravity of a ſyſtem of bodies, 41 c 


Draw any plane S7, and from the centers of gravity of all the 65. 
bodies, draw perpendiculars to this plane, Aa, Bb, Ce; then (by 
Cor. 3. Prop. 19.) the forces of A, B, C, at the diſtances Aa, 
Bb, Cc, from 5 plane, will be AxAa, BxBb, CxCc. Let G 
be the center of gravity, then the ſum of the forces AxAa+BX 
Bb+CxCc muſt be = A+B+CXGg, the power of all the bodies 
ſiruated in G (by Prop. 44.) whence the diſtance of the center of 
gravity from the plane, that is Gg = nn 
where if any of the bodies be ſituate on the other fide of the 
plane, the correſpondent rectangles will be negative. 

And if the diſtance be in like manner found from the plane 
TV, and likewiſe from another plane perpendicular to ST, 7; 
the point G will be determined. 9 


Cer. 1. Let b be any body, p any particle in it, d its diſtance from -Y 
_ @ given plane; then the diftance of its center of gravity from that _ 
plane is = 22 ä | 


Cor. 2. To find the center of gravity of an irregular plane figure. 
Suſpend it by the ſtring AEB, at E; and draw the plumb line ECF. 

en ſuſpend it by another point of the firing as D, and draw ano- 
ther plumb line thro E, to interſeft CF; and the point of inter ſection 
is the center of gravity, 


L 


K 2 


f 
| Vity of the board upon the edge of a priſm; and lay the body upon 


If two or more bodies move uniformly 3 in any given direBions » their 


CENTER OF Gravity. 


855 3. 75 0 find the center of gravity of a - flexible body; 10 it up- 
on a board whoſe center of gravily is known, lay the center of gra- 


it, and remove it back or forwards, till it be in equilibrio upon the 
board. 
Þ $SCHOL. 


The centers of oravity of ſeveral- planes and ſolids have been 
determined to be as follows. 


1. If two lines be drawn from two angles of a triangle, to the 


middle of the oppoſite ſides ; the point of interſection is the cen- 


ter of gravity. Therefore the diſtance of the center of gravity 
from the vertex, is 5 the line biſecting the oppoſite fide. | 

2. In a Trapezium ABCD, the center of gravity is found by 
dividing it into triangles. ' Find E, G, the centers of gravity of 
the triangles ADB, GDB; and F, E, the centers of gravity of 
ABC, ADC. Then draw EG, FE, to interſe& in O, the cen- 
ter of gravity of the Trapezium. - 

The center of gravity of a right line, parellelogram, cylinder, 

21 priſm, is in the middle. 

4. For the arch of a circle, as x arch: fine of 4 arch : : radius : 
diſtance of its center of gravity from the center. 


5. For the ſe#or of a circle, as arch: cord : : 5 radius: diſ- 


tance of its center of gravity from the center. 


6. For the parabolic ſpace, the diſtance of the center of gra- 
vity from the vertex is + the axis. 


7. In the cone and pyramid, the diſtance of the center of gra- 
vity from the vertex is 4 the axis. 


8. In a paraboloid, the diſtance of the center of gravity from 


the vertex is; the axis. 


9. For the ſegment of a ſpbere; let r = radius, = hight of 


the 1 chen the diſtance of the center of gravity from the | 


vertex is 


PROP. XLVIL 


\ 


common center of gravity will either be at reſt, or move uniformly 
in a right line. 


Caſe 


k 
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sed. V. CENTER » GRAVITY: 


to or from it in a right line. then ſince the center of gravity di. 


vides the diſtance, in a given ratio; and the diſtance increaſes 


uniformly, therefore that center moves uniformly. Now ſup- 
poſe the other body likewiſe to move in the ſame right line, and 
any quantity of ſpace to move along with it; then ſince the body 
4s relatively at reſt in this ſpace, the center of gravity, in regard 
to that ſpace, moves uniformly; to which-adding or ſubtractin 
the uniform motion of that ſpace ; the center of gravity will Alf 


Caſe 2. Let the bodies move in one plane, in the directions 
DE, AB. Produce their lines of direction till they meet in D. 
And when one body is in D and E, let the other be in A and B 
reſpectively. Let H be their center of gravity, when in D and 


A, and K when in E and B, and draw HK, and make BP=AD, 


and draw EP, and KL parallel to AB. Then DE is to AB or 
DP, in the given ratio of the motion of the bodies; and ſince the 


DED is given, therefore all the angles of the triangle EDP 


are given, and DP will be to PE in a given ratio. But 
by ſimilar triangles PE is to PL in the given ratio of- BE to BK, 
by the property of the center of gravity : therefore DP is to PL 
in a given ratio. And all the angles in the tri DPL are 
given, and therefore the angle PDL, Therefore the point Lis 
always in the line DL given in poſition. And by the nature of 


70. 


the center of gravity, BA: DH: : EB : EK:: PB or DA: LK. © 


Therefore DH = LK, whence DHKL is a parallelogram, and 


HK parallel to DL, and therefore the angle BHK is given; and 


the center of gravity & is always in the right line HK given by 


poſition. * And becauſe all the angles of the triangles DPL, and 


DLE are given; therefore the lines DP, DE, DL, that is, AB. 
DE, HK are in a given ratio; and conſequently the point & 
moves uniformly along the right line HK. And the demonſtra- 
tion is in the ſame manner, if one of the bodies B moves from 


Caſe 3. Let the paths of the bodies AB, DE be in different 
planes. Thro? the path AB draw a plane Bde parallel to the 
path DE, and thro DE draw the plane Dde£ perpendicular to 
Bae, produce AB to d, and let Dd, Ee be perpendicular to de. 
Then the planes Dd4, EeB will be perpendicular to the plane 


edB.. Let one body be in A and B, when the other is in D and 


E reſpectively. Now if the body at D were to move in de, then 


71. 
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"CENTER Or GRAVITY. —- 
by Caſe 2d, the center of gravity would move uniformly along 
* ight line HK ; thro HK erect the plane HKib perpendicu- 


lar to HBK. Then by ſimilar triangles, and the nature of the 


center of gravity, Ab: HD:: (AH: Hd:: BK: Ke: :) Bt: KE. 
Therefore h is the path of the center of gravity of the bodies 
moving in AB, DE, Likewiſe Dd: Hb :: Ad: AH: Be: BK 
:: E or Dd: K; therefore Hb = Kk, and kk-is * 
rallel to HK; therefore the center of gravity of the bodies (mo- 
ving in AB, DE) moves uniformly thro the right line bk. 


: Caſe 4. The common center of gravi of two bodies, and a 
third is either at reſt, or moves uniformly in a right line; for 


theſe two may be put into the place of their center of gravity, 


which before moved uniformly ; and then the center of gravity 
of the three will move uniformly. . Likewiſe the common center 
of gravity of three bodies and a fourth, will move uniformly in 
a right line; and ſo on. . 


x 


PROP. XLIX. 


The, common center of gravity of two or more bodies, does not change 
ils ate of motion or reſt, by any actions of the bodies among 
themſelves, or by any forces they exert upon one another. + + 


Suppoſe any ſpace in which the bodies are incloſed; to move 
uniformly along with the center of gravity of the bodies, be- 
fore the actions of the bodies upon one another; then the cen - 
ter of gravity is at reſt in that ſpace. Now if two bodies mu- 
tually act upon one another, ſince their diſtances from their cen- 
ter of gravity are reciprocally as the bodies; and as action and 
re- action are equal, ts bodies will approach or recede from that 
center by ſpaces which are in the ſame ratio; therefore the cen- 


tet of gravity will ſtill remain at reſt. And in a ſyſtem of ſeveral 


bodies, becauſe the common center of gravity of any two act- 
ing mutually upon each other, is at reſt : and the actions of all 
the bodies being the ſum of the actions of every two, it is evi- 
dent the center of gravity of all the bodies remains the ſame, as 
if they did not act at all upon one another; and therefore is 
at reſt in this ſpace, or moves uniformly forward along with it. 


Ger. 


Seck. V. ENTER o GRAVITY, 
cen 1. Hence if @ body be projefied into free pact; if it have 
any circular mation, this mation will be performed uniformly about 

For if every particle of the body retained the diſtin& motion 


an axis paſſing through the center of gravity. 


*. 
* * 
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firſt impreſſed on it; the common center of gravity of the whole 


would move in a right line, by the laſt Prop. And ſinee the 
coheſion of the parts of the body retains the particles in one 
maſs, therefore (by this ) the motion of the center of 
| gravity is not altered. Which it would be if the axis of cir- 
cular motion did not paſs through the center. of gravity, but 
through ſome other point. © 8 . 


Cor. 2. And if a body be burled into the air, its center of gravity 

will either move in a right line, or deſcribe a parabola ; whilſt that 
body revolves about an axis paſſing through" the center of gravity, 
if it bave any circular motion. Er ONE, 


PR O P. LE: 755 "6 2 


The fum of the motions of ſeveral bodies in any given direflion, it 


ide ſame as the motion of all the bodies in the ſame diremion, 
moved with the velocity of the common center of gravity. 


Leet the bodies A, B, move round the center of gravity C at 
reſt; to the places a, ö; draw BCA, Ca. Then ſince A: 
3: : BC: AC: : bc: ac; therefore the triangles ACa, .BCb, 
are ſimilar, and S bBc=CAs, therefore Bb is parallel to Aa, 
and the bodies move in contrary directions. Alſo ſince Aa: 
Bb: : : CB: : B: A, or AaxA=BbxB. Therefore the 


72. 


motions of A, B, in contrary directions are equal, or their mo—- 
tion the ſame way is o. Now let the ſpace and bodies moving 


in it, be moved in any direction with any velocity v; it is 
manifeſt, the motion of each body in that direction will be 
greater than before, by the quantity of matter c velocity. 


Therefore the ſum of the motions is now vA+vB or B. 


chat, is equal to the ſum of the bodies x velocity of the center of 


gra 


the motion of two of them, moved with the velocity of their 
common center of gravity, together with the motion * wy 


After the ſame manner, the motion of 3 bodies is the ſame as 


1 / ke 
4 ; p 1 1 9 : 
* | 


70 ,C ENTER or GRAVIT TJ. 
11 0. third; that is (by what has been ſhown) equal to the ſum of 
72. all the three, moved with the velocity of the center of gravity 


. 
e the body. Aud the motion f any body, or of any ſyſtem of bodies, 
muſt be eſtimated by the motion of the center of gravity. 


. 1 
6 Fy 6-4 ws. # "'Þ | 
AS LF » : ze $ 4 k 5 * I | * * 


CFC 
5 P OP. My d e dnt 
If two weights on any machine keep one another in eguilibrio; if 
they be any how raiſed or moved by belp of the machine, the center 


of gravity of the weight and power, will always be in the ſame 
Horizontal right line. es YT. RH 


For in the leaver, the center of gravity is at the fulcrum, 

and therefore it neither aſcends nor deſcends. In the wheel and 

axel, and in the pulley-or any combination of pulleys, the 

weight and power approach or recede from each other, by ſpaces 

which are reciprocally as the bodies; and therefore their center 

| of gravity is at reſt. And upon us inclined plane, the per- 

pendjcular velocities of the power and weight (by Cor. 4. Prop. 

7 33.) are reciprocally as their quantities: and the diſtance of 

the center of gravity from each, being in the ſame ratio, is alſo 

at reſt. And univerſally in any ping, Tack ion of theſe, or any 

machine Whatever, where the equilibrium continues ; the aſcent 

and deſcent of the power and weight wp in ene as their 
quantities; the center of gravity neither nor deſcends, 


PROP. III. 


73. Fa beavy body AB be ſuſpended by two ropes AC, BD; @ right R 
line perpendicular to the horizon, paſſing through the interſefion 


F, of the ropes, will alſo paſs through the center of gravity G, 
of the body. 5 | N 


For continue the lines AC, BD to F; then it is the ſame _ 
thing whether the lines that ſuſtain the body, act at C and D. 


gect. v. CENTER or GRAVEHY. 


AFB is ſuſpended at F; then * 

deſcend as low as it can get; and (by Cor. Wh 50.) the cen- 
ter of gravity muſt be taken for the place of the body; there- 
fore the center of gravity G will be in. the line FG perpendicular 


to the horizon. And it is the ſame us if AC, BD, interſe& - 
y cannot be ſupport rted 


in a point F below the body; for the 
except the center of gravity G, be in the perpendicular GF. 


Cor. 1. Hence, if GN be drawn parallel to AC; the weight of 


the body, the forces at C, and D; are reſpectiveh as FG, 


GN, and FN ; or as the fines of the angles AFB, GFB, and GFA. | 


Cor. 2. The lines AC, DB and FG, are all in one lane 
dicular to the horizon. 4 . 


3. If the center of . gravity fal not in the line FG, ihe 
120 "wo reſt till it fall in that line. 


PROP. Ill 


— 


If any body whatever, as BC, or any beam loaded with a . 


be ſupported by tipo planes AB, CD, at C and B; and from the 


points C, B, the lines CF, BF, be drawn perpendicular to theſe 

planes ; "and from the interſettion E, the line FH be-drawn per- 

Pendicular to the borizon, it oil 27 * ey center 7 
gravity G, of the body. 


For fince the body is ſuſtained by de 3 and 
theſe planes re- act againſt the body in the perpendicular direc- 
tions BF, CF, therefore it is the ſame thing as if the body 


was ſuſtained by the ewo ropes BF CHF; and conſequently (by 
Prop. . the center e | 


the whole weight. 


VEG be 3 parallel | to „cp; = the whole weigbt, 
Fs ure upon the planes CD, AB; are 'reſpeZively as FG, EG, 


br 


or at F, in the ſame directions; ſuppole therefore that the We I G. 


7.) the body will 73. 


74. 


EE; — e en the fines of the angle - 


BRC, BFG, and 'CFG. 
| Cer; 


72 
r 1 d. 
14 
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hes . 7 the line FG 8 (from the inter ſeftion of the per- 
pendiculars FC, FB) perpendicular to the horizon, does. not Paſs | 


through the center of $i z the body will not be ſu Nained, but 
will move 11 the center of gravity fall in that line. | 


Cer. 3. Hate if the pofition of one plane CD be given, and the 


poſition * the body CB, and its center of gravity G. The poſition 


of the. other plane AB may be found, by which the body 200 be 
ſupported : by drawing CF perpendicular to CD, and GF perpen- 


dicular to the CODER and from We FB 3 then e 
dicular to 25 is the other plane. 8 


EE 


PROP. LIV. 


75 body HD, whoſe center of gravity is C, be ſuſtained by : 
three forces A, B, C, in one plane, acting in direBions AH, BI, 
CD. Andif FGP be drawn perpendicular to the borizon, and 
CD produced to cut it in P; and if AH, BI produced, inter ſelt 
in O; then if OP be draws ; and if EP, OF, be drawn pa- 
rallel to AO, PC; then I ſay the weight of the Joch, the three 
forces A, B, C, are reſpeftively as FP, EP, EO, OF. 


Becauſe the line OP is n Z the point O is ſuſtained by 


three forces in directions OP, OA, OB; which therefore, are 


as the lines OP, EP, OE. Alſo the point P is ſuſtained by 


three forces in the directions PO, PC, GP; which therefore, 
are as the lines OP, OF, FP: of which that in direction FB 
is the weight of the body, at G the center of gravity. And hs 
forces at O, and P, in directions OP, are equal and contrary. 


Ge, Hence if any other force inſtead of the weight a? at G, in 


dreien GP; then the. forces at P, 4, B, G, al e 


as FP, EP, EO, OF. 
SCHOL. 


If one of the forces be given; all the reſt 338 if. 
they act two and two at different points O, P. But if five forces 


ee wo of them mult be given. 


PROP. 
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i ERDE ze any priſmatic ſolid erefied upon 4 plane MD; and if 
it be cut by any plane AGH. I ſay the ſurface, or ſolid GBDH, 
cut off by this plane, is reſpectively equal to the ſurface or ſolid 


118. 


73 


＋ 


76. 


EB BF, whoſe altitude is CI, the line paſſing through the center 


of gravity of the baſe, and parallel to the axis of the ſolid. 


I ſhall not demonſtrate this geometrically by meaſuring, but 
mechanically by weighing them. Suppoſe the periphery, or the 
baſe, BD, to be divided into an infinite number of equal parts, 
by planes perpendicular to the horizon, and parallel to the axis 
of the ſolid, and to one another. And imagine AD to be a 
leaver, and let each particle be placed on AD where its. plane 
cuts it. Then ſince the force of any particle to move the leaver 
' AD, is as that particle multiply'd by its diſtance from A, (by 
Cor. 3. Prop. XIX.) Therefore the forces of the equal particles 
at B, C, D, Sc. will be as AB, AC, AD, Sc. and the fum 


of all, as the ſum of theſe lines. And becauſe C is the center 


of gravity of all the particles.” Therefore the ſum of all, AB, 
AC, AD, Sc. = ſum of as many times 40; that is, (becauſe 


the- parts of the. baſe' are given)'= ACx baſe. But GB, IC, 


HD, Sc. are as AB; AC, AD. Therefore all the GB, IC, 
HD, &c. = whole baſe x IC. That is the whole ſurface or ſolid 
GBDH = whole ſurface or ſolid BEFD: | | 


Cor. 1. If a line right or curve, or any plain figure whether 
rigbt-lined or curve-lined, revolve about an axis in the plane of the 
figure';, the ſurface or ſolid generated, is reſpefively equal to the 
ſurface or ſolid, whoſe baſe is the line or figure given, and hight 
equal to the arch deſcribed by the center of gravity. | 

Let BDab be the figure generated. On the baſe BCD erect 
the ſurface or ſolid BDFE, and let C be the center of gravity. 
Since the arches Bb, Cc, Dd, are as the radii, AB, AC, AD, 
that is as BG, CI, DH: therefore if CI Cc, then will all the 
lines BG#CT, DH, Sc. = all the arches Bb, Cc, Dd, &c. that 
is, the ſurface or ſolid BDdb = BDHG, that is (by this Prop.) 
=BDEE. ” . n | 


Cor. 2. Alſo if à curve revolves about any "right line drawn 
through its center of gravity : the ſurfaces generated (tither by a 


Partial or total revolution) on oppoſite fides of the line, will be equal. 


77· 


3 ; 18 For 


74 


a 


CENTER. OP GRAVITY. 


For by Cor. 2. i XLIV. each part of the curve 7 | 
you by the diſtance of its center of gravity from this line, muſt 
equal on both ſides. And by Cor. 2. each ſurface generated, 


is equal to the curve multiply'd 0 the arch deſcribed at that 
diſtance; and theſe arches (being ſimilar) are as theſe diſtances. 


Whence each ſurface is as the curve multiply'd by the . 


. its center of Wes K therefore es are equal. 
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Let there be any ſyſtem of bodies A. B, C, confidered without weight 
and moveable about an axis paſſing through S; and if any force 
F can generate the abſolute motion m in a given time ; if the ſame 
force at at P, perpendicular to PS; the motion generated in the 

Alem, in the ſame time, revolving about the axis at &, will be 
FxSA+BxSB +OxS OO, 


1 314 
A 


- 


For ſuppoſe Ps perpendicular to the axis at &, and to the line 


of direction P, And $4, SB, SC," perpendicular to the axis 


at S. And ſuppoſe the force f divided into the parts p, 9, r, act- 


fe de b. at P to move A, B, C. Then (by Cor. 3. Prop. 


\ SP - SP SP ot) 
the forces Tat» Tat coals 


the bodies 4, B, C will be ated on reſpectively with 


Since the ar motion of the whole ſyſtem is the ſame ;. 


the velocities of A, B, C, are as SA, SB, SC; and their mo- 
tions as AxS4, BxSB, CC; and theſe motions are as their 


generating forces 07% 5. 2 * Whence p, . 7, are as 


AA. BySB*. Oc. 


Pr . Therefore 5: f:: 22 HASH , And 


= = force ading at A. Then ＋ : 1 


, 


— Ned S motion of A. After the ſame manner 


«cy FJ 


- 0 F. Os 
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L 2  mxBx8B, h 
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AX SA+BXSB+CxSG SP>inCang 43 A+B+Cx80 
; AxSA* + BXSB* 4 CxSC* & S Pho, 


CENTER oF 08CILLATION; &c. 
11 1 G. I WIE 


are the motions of B and C. Therefore the 
© v4 
Shale motion Na in the lyitem: — f 


N cl 
A. A SB. SC. 
Cor. be 5k make N e then 
if all the bodies be placaihin O, Ihe motion Rnetabti in be Glam, 
will be the ſame as before, as ta the.quantity of motion, or the ſum 


of all the 8 motions. But 7 angular velocity will be 
different. 


For the motion generated in theſe two * "wil is 


—— 
A+B+CxSO0*® . 


and if theſe be ſuppoſed wp he equa there comes out 80 = 
pots we WY r e e eee 


2 ITTET 


* * 5 


. 2. rhe eee ny of ar fem 4, BC, FEET 


EP 8 by any force f, actig « & P gerda, ta PS, is 


as X 275 coy © UNU. 5 dS >" . 
75755 5 
nis o ri "a er" 19 

For the, angular velocity of the vials Harem b 

of one of the bodies A. But the abſohue motion of A is 2 


ie, and the abſolute velocity. of 4 = , bur che 


angle; velocity i is as the abſolute velocity dect) and, the ra- 
dius or diſtance reciprocally; therefore the S e A, 


nd affen af the whole em, 40 or 
970 15 AN 


that is becauſe is 5 th ar, | eg 3 N 
. eee 

. 8 there will the 3 2 velocity ener 

in the hem, and with 5 ſame force, as there would 'be 


in a ſingle body' placed at. 95 and Whoſe, guautfty 8 885 A 
A&A. ＋ N. +CxSC*+ ©, 


8 Nene 3 
For let 82 at body, then (by con 2) hince'f _ GP a 
given; the ae ee the. Arlen and body F. 


1 * 
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N * * 0 r. Irn. 


os fad theme 8 a He IS eee or jo} 
2 an immoveable- objett; the' Be foal FORE 10 
wan t reſt as it wert in cquilibris -- 


e ee of the ſyſtem, - "VE" BR 79. 


rpendicular to che axis of motivi'in S. And if thg bodies 
are not all ſituated in that plane, draw lines perpendicular to it 
from the bodies, and let Ai B, C be the places of cheſe bodies 
in the plane. Draw 860, and let O be the center of x | 
Draw Af, Bg, Ch, perpendicular to SO, and Aad to S = 
make ad A, and draw ea pe ndicular, and de parallel to 
| $0. Then aA will be the direction Rok 28 Be: it * 
volves about &. Arc the ſyſtem : being > 
will urge the point à forward, with a force proportional © 
matter and * ocity ; that is as Ae or Acad. And the force 
wherewith & acts at & in direction a, is Ate" or Sf, And 
the force of to turn thte ſyſtem about O is ASH 20 (U 
Cor. 3. Prop. MX.) = Se N. = ANN * -A. | 
Likewiſe the forces of B and C tb turn the ſyſtem about O, * 
as Bye BVB., and CO-,. And ſince the 
fotces: on the oontrary fides of O d one another; therefore 
A * of x O - Y x Se- N CXSHYSO—CNSC* 


AXSA* + BXSB* +Cx8SC* & 
2 eee D dhe ail. 
ba: | — — E 2h 


AK 


IO A4 
Cor. 


29 


938 CENTER or OSCILLATION, % 
16. . | 1 8 3 Sn ; wed 
wa, Cor. 1. If G be the center of gravity of a ſyſtem of bodies A, B, 
79 C; the 95 of perciſion from the axis of mation, 
45 80 = BC &o e. 
e B+G GS 3 | 

- For (by Prop. XLIV.) AxSf + BxSg bsi TFC. 


Cor. 2. The diſtance of the center of percuſſion from the center of 
Ob Go = GCAXA+GB*XB+GCxC f 
e d : 

For AxSA* + BxSB*+CXS AN +GA'—28GXGf+BX 
$G*+6G B* + 2SGXGg + CxSG* + CG* NO, by Eucl. II. 
12 and 13. But (by Cor. 2. Prop. XLIV.) —AxGf+BxGg- 


— — 


XSG* 4+ AXG A* + BCN. Whence, (by Cor. 1.) 80 
| SG*xXA+B+C , AxXGA' +BxXGB* CCE 
8 "I | 8 SGA BTW SN 1 
£ + Lerner gt uz ana. n OO is. 208 
Cr. 3. Hence SG x GO = the given | quantity, g 
Ef ERECT OT | and therefore GO i nene. 


For each of the bodies 4, B, C, and their diſtances from C, 
are given. | [OE ESTI OY 2 


Cier. 4. Hence alſo, if SG be given, GO will be given alſo. A 
 #herefore if the plane of the motion remain the ſame, in reſpett to 
the Bodies, and the diſtance SG remains the ſame; the diſtance of O 
from G will remain the ſame alſo. E23 a8” 29 A1 


= Cer. 5. If OT be drawn perpendicular to SO, then OT will be 
| the locus of all the centers 0 percuſſion. N n 


For the direction of O is in the line O; and therefore it ß 
the ſame thing which point of the line OT ſtrikes an obſtacle. 


\ 


| „„ N PROP. 


Cb = 0; therefore Ax SH*+BxSB*+CxSC*=AS+B+C -- 
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To find the center of oſcillation of : Alem of bedies ; or ſuch a 


Point, in which a body being placed, will vibrate in the ſame 
time, and with the ſame angular velocity as the whole body. 


Le the axis of motion be ar S ; perpendicular to which draw. 


the plane in which the center of gravity G moves; draw SCO, 
and let O be the center of oſcillation z draw the horizontal line 
Sr, and from the bodies A, B, C, draw Aa, Bb, Cc, perpen- 
_ to SO; and alſo Ae, Bn, Cd, Gp, Or, perpendicular 
to &. 8 I, | ; 

Put s=AXSA* + BNB. +CygSC*, Then (by Cor. 2. Prop. 
LVI.) the angular velocity which 4, B, C, erates in he 
ſyſtem by their weight, is ec, IxB , and the 


RF 


whole angular velocity generated bythem all [ET L. 


Likewiſe the angular velocity which any particle p, ſituated in 
O, generates in the ſyſtem, by its weight, is XP. or Ir 


PXSO* $0» 
or N becauſe of the ſimilar triangles *, A0. But their 
vibrations, and every part of them, are performed alike; there- 


fore their angular velocities muſt be every where equal; that is 


—SeXA+SnxB+SdxXC __ $8 _ i > 
; FT e nn SO 
3 Ce weak” Prop. XLIV. 
Fa —SexA+SnxB +8dxC * K : 
—SexA+8nxB +8dxC=8SgxA+B+C. Therefore the diſtance 
of the center of ofcillation from the axis of motion, SO = 


S —AXSA* +BXSB* +CXSC*&e__ AXSFA* +BXSB*+CXSC*&c 
SCXA+B+C . SGXA+B+C&c |. 4XSa+BXS4CxSEc 


Where Ada, | BxSb, &c. muſt be negative, when a, ö, Sc. lie 
on the contrary fide of S. And ſince all theſe quantities are 
the ſame at all elevations of the axis SO; therefore the point O 
is rightly found ; and the ſyſtem has ſuch a point as is required. 
Likewiſe it appears by Cor. 1. of. the laſt Prop. that the center 
of oſcillation is the ſame with the center of percuſſion. | 


Cor. 
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Fog 1. If p be any partich of a body, d its * 


ſum of all the Pxdd 
axis of motion, * I - 090 0 en 


* 


n OVAL: N. | 
Cet. 2. 'F the dies 4, B, C be 3 dle , een- 
ter of oſcillation of each, not in the center of gravity. Let d, e, f, 
be the reſpefive diſtances of their centers of *gp#avity; and pi 9. 7 


x their centers of oſcillation, from S. "Then" will the diftance 


the center of: er from S, the axis" of "Rog * *4 ; 


_ dpAdreqBrfrC. r e . 
dF SGN i & 


For let a, 5, c, be any particles i in A, B, C; and x, 


25 
their Aiftances from 8 reſpectiyely. Then by this Prop. FE 
fum x*a+ ſum yyb + fury e. But ſum . 


SGxA +B+C e fur my 
=44, and ſum 5. and . l and * 
N = = : SaxA+8bxB+SexC. * 


Cor. 3. 7. 0 find the center of oſcillation of an. e body; 
ſuſpend it at the given point, and hang up a fimple pendulum of 
ſuch a length, that making them both Kacke they may keep time 


"- ether. Then the length of this pendulum is EE ws to tbe diftance - 


the center of Juſpenjon from the center of - tian. of the 000. 


Cor. 4. What has Geek demanftratd i in the laſt Prop. and Car. 


I, 2, 3, 4. for the center * * ualiy true the 
center of cee | 4 * * 9 a 
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Ten 
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"ſuſpenſion from the center of SG, be made equal to 
5 XB +ECxC Foes ” 


DEC e ee i ge eee 
leaſt time poſſible. N 1 

In ve knall bodies, or aa bodies 
diſtance from the axis of motion, 


** 


ſci at 4 "0X 
the center of oſcillation 


percuſſion is in or very near the center of gravity. And 


reaſon why the center of oſcillation or percuſſion is not. always | 
in the center of gravity ; is becauſe the body in vibrating is 
made 


F 26 | 
2 ? 


om 8, 
the axis of motion; G, O, the centers of gravity and 9 cillation. 


Then the diſtance of the. bester bf oftiilation of the body, from the 


Sed. VI CEE Wein Er T . Ge. 81 
made to turn about a center. But if it be fo contriyed'as al- Y 1 0. 
ways to move parallel to itſelf; without any circular motion; 8 1. 
in , 1 b N will be che 


Tube diſtance of the centers of oſcillation and percuſſion, from 
the axis of. motion, as calculated by Cor. f. is as follows. 
Where the axis of moſios.is ad de werter, and in the plane of | 


bike, op 
— | e 


17 
. 


: 2; Im plane of a circle, N 
| 4. In che parabola, f the a. 55 ; 
"Ws; id and cone, + axis, nearly. 5 8 
6. In a ſphere, = radius, d= —diſtance'of the axis of motion 
from its center. Then the diſtance of the center . oil 


from the axls of motion, u d + 77; 3 8 


W = 
* 


PROP. . 


76 ful the genie f Peder of a Halen of bodies 1 or fuch « joine . 
O, as that a given force, atting-at a certain place, will in the | | 
ſame time, generate the ſame angular velocity in the ſyſtem, about 
an axis SR; as if the whole ;yftem was placed in O, 


Draw the plane P g perpendicular to the axis of rotation $R; 
and let S4, SB, ce the neareſt diſtances of the bodies A, B, 
7 925 the axis SR; and let the force f act at P, in direction 

rpendicular to PS. Then (by Cor, 2. Prop. EVI.) the 
e h generated in the fyitem by the force f, will be 


een _— * 


1 T0 
we ſhall have 80. Se ede, Died the 


A+B+C | 
diftance of the 2 from the axis of motion 


72 h NM T9 | Sy | Or. 
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Ke 1. Let þ = quantity of. matter in ory body ABRCS, We | 
particle, d S ap, its diſtance 2 n ihe axis of rotation SR : then 
the ſquare of the diſtance of the center 4 3 a the axis of | 


8 Tac _ 15 9 = * — 2 AW the 


— 
9 7 


4 
% - 
* > * L N 24 


8 2. F any part of the Gem be 3 to be 5 nds in the 
center of gyration of that particular part; the. center of gration i 
of the whole ſyſtem will continue the ſame as before. 

For by this Prop. the ſame degree of force which moved this 
part of the ſyſtem before, along with the reſt ; will move it 
now without any alteration. And therefore if each part of the 
ſyſtem be collected into its proper center of gyration; the center 


5 eee the whole will continue the fame. 


Cor. 3. If a circle be deſeribed from G, the center 4 1 of 
the ſyſtem ; and the axis of rotation be made to paſs through any 
point & in its periphery ;, the diſtance of the center 7 Oration from 


that point will always be the ſame. 


For (by Cor. 6. Prop. XLIV. * the quantity AA. + BxSB* ; 
+ CxSC* will be given. * 


— 


Cor. 4. The diſtance of the center of waves from the axis * 


motion, is a nean proportional between the Amer of 1 the centers 


of gravity « ben, from that axis. 
* follows i from this and the laſt Prop. 


$'CH'0 L 


It is the ſame Hig alive fide of ed As of rotation 


SR, the point O or center of gyration be taken, provided it be 
at its proper diſtance. 


By a computation from Cor. 1. the diſtante of the center of 


Syration from the axis of rotation, in che following bodies 


der 


> In a right line or cell the 
90 ee or {mall cylinder, {revealing Mage + end) 


2. The plane of a circle, or cylinder olyi about de ani) 
80 = = 2 7 A. G oy ing 


3. The periphery of a ct {about the diameter) SO = radius 
"= 


4. The plane of 4 arri <abour the-diamerer) $0=: radius. 
5. The 


Sec. VI. onNTER oF OSCILEATION, Gre. 
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8. The ſurface of a ſpbens (about the diameter) $0 = radius Plc. 


* 

7 RA about the diameter) SO = radius X U.. 
. In a cone n the axis) SO = radius x Vn. 
eee eee 


its lane; it is the ſame thing as if all the 


EA into any one point in that h 
And ee a circle of double the matter of this — 14. 
and the ſame diameter, will in an equal time acquire the ſame 
angular velocity. 
| the matter of any gyrating body were actually to be | placed 
in its center of gyration ; it ought either to be diſpoſed of in 
the circumference of a circle, » 1 or elſe into 
two points ametrically oppoſite, and equi - diſtant 
from 8. For by this . e 4 8, "Lil be in 
the center of gravity. And the body will revolve without any 
lateral force towards any fide. 


PROF: 1 


If EF be a raft is froe fpoce; & ih center of avity, 

. phe points &, 95 one the center f ſuſpenſion, the * per- 
cuſſion: and if a. moving body B ſtrike diretily againſt the point 
O, the motion generated in the body EF by * ſtroke ſball be 
fuch, that mn the time that the makes one revolution about 


its center of gravity G, the center of gravity will move forward 


@ ſpace, equal to the circumference of a circle, whoſe radius is SG. 


Let the body vibrate about the point &, and in a very fmall 
time, from the poſition. SGO,: come into the poſition. d. Now 
the arches Gg, Od, will be as the velocities of the points C, O, 
vib oe S; therefore when it comes into the poſition 
560, i it were diſengaged. from the point 53 the center of 
gravity. G would ſtill move forward with the ſame velocity Gg; 
Pon 4115 inſtead of revolving about 8, would (by. Cor. 1. 

) revolve about G with the ſame angular motion 
as wy 2” Therefore if r7Go be drawn parallel to. gd, Gg will 
repreſent the velocity of G, and Oo the velocity of O about G. 
And becauſe” Oo, Gg are very ſmall fimilar arches, therefore 
their cireumferences Wil be deſcribed in equal times; that is, 
e itſelf, makes one revolution 

2 Aa bout 


82. 
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F 1 6. about G; the point G will advance forward 


es equal to 

84. the circumference of a circle, whoſe radius is SG. WOE 
No this is the motion acquired by revolving about S. But 
(by Prop. LVII.) if a body ſo revolving, ſtrikes an immove - 
able object at O; both the p five and circular motion will 
be deſtroyed; and the body will be at reſt. It is evident on 
the contrary, that if a moving body ſtrike the body at reſt in 
the point O, with the ſame force; the ſame motion will be 

reſtored again: and is the ſame as above deſcribſdſee. 


Cor. 1. At the beginning of the motion, and alſo after every re- 
volution of the body, when the line SGO comes into its original pofi- 
tion, ſo as to be perpendicular to the line direction OB; the point 
S will be at reſt for a moment. $3 Te 49s 
For in this poſition, it will be (by this Prop.) as velocity of O 
about G: velocity of G:: OG: GS. And by compoſition, vel. 
O about G + vel. G that is abſolute vel. O: abſolute vel. G:: 
OG -+ GS or OS: GS. Therefore ſince the abſolute velocities of 
O and fan 4:1 their diftances from &; it follows that 
the point & is at reſt. 5 


Cor. 2. Let @ body A = 88 x body EF. And if V be the velo- 


city which the body A would receive by the direłt ſtroke of B. then I ſay 
the abſolute velocity of the body EF (or of its center of gravity G), . 
which it receives by B impinging at O, will be Dy 5 

For let p be any particle of the body EF, and 5p its diſ- 
tance from S. Then (by Cor. 3. Prop. LEVI.) if a body = 
_ 3 de placed in O, it will receive the ſame angu- 
lar velocity, by the ſtroke, about & at reſt; as the body EF 
when ſtruck in O. But (by Cor. 1. Prop. LVIII.) ſum Sp*xp 
= SO x 8G x body EF; whence the body 2X OX HEY 2 
or A, placed in O, receives the ſame angular velocity about 8, 
as the point O of the body EE. But vel. of O or 4: vel. G:: 
$O : SG. For at the beginning of the motion, & is at reſt, by 


* 


Cor. 1. 


Cor. 3. The velocity loft in B by the ſtroke, will be body EF " 


body E 
_— | For 


© 7 4 nb * * 2 * 2 = 
- : 4 
PLS: ne a. 
= p _ 
: 1 * 
— * 
1 * % 
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For the ſum of the motions of all the bodies, x dns Bo 
is the fame as the motion of Þ beforeit, by Prop. X. | 


LES; SCHOL. 
N 


1 %% ig nrres A af re; 

becauſe the body (or ſyſtem of bodies) at the beginning of the 
motion, moves as it were of its own accord, or without any 
compulſion, about s center S at 8 


o 


PROP. LXI. 


Let DE be any 5 C its center of uf and if from the center 
C, the circle BFS be deſcribed; and if about BFS as an axis, a 
cord ASBES, be wound, and the end fixt at A. And if O be the 
center of ſclltion, in reſpe to the center of ſuſpenſion S. Then 
if the body —_ 7 a rotation round the axis BFS, by unwind- 

| the cord ASBF, &c. then I. ſay the ſpace deſcended by the 


whirling body DE, is to the ſpace OR in the 8 time, by | 


a body falling freeh z as SC to SO: 


Throꝰ the point of contact S and the Center of gravity C, 955 
the horizontal line SCO. Then (by Prop. LVIII.) ) the angular 
velocity of the body about the point of uſpenſion S, at the be- 

ning of the motion, will be the ſame as if the whole body 
was placed in O. But if a N was placed in O, its velocity 
e be the ſame as of a body fal- 
g freel ore br Sco infinitely near SCO, and the 
mall ban Oo, Cc : then the velocity of O, is to the velocity of 
| the center of gravity C, as Oo to Cc, or as SO to SC; chat is, 
the veloci erated by a body falling freely, is to the veloci- 
ty of the deſcending body DE, as SO to SC. Now ſince the 
points & and O are always in the horizontal line SCO, and the 
radius C is given, and likewiſe (by Cor. 4. Prop. LVII.) the 
diſſtance CO. Therefore the velocities of O and C in any times 
will always be as 50 to SC : that is, the velocity of a body de- 
ſcending freely, is to the velocity of the whirling body DE, al. 
ways in the 2585 of SO to SC. And therefore (by Prop. 
the ſpaces deſcribed are in the fame ratio. 


Ger. 1. The weight o the Di in th ape Se cn? 
48; ax 0 CG i * 


For 


VI.) 
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FIG. \ Forte we body be 0 , 
8 therefore Prop. NX 
. Ae Tr je 0 i en ke S, 23 30 to C00. Now: 1 
the point O be let go, the force ating at O will generate a mo- 
tion about 8, whilſt the preſſure at S, and conſequently the ten- 
de of cond is er ncaa vr e ns nee 71 
the fame as before. „ b4 9 


„ Fe 255 runs down an 3 
whilſt the thread ASB unfolds; or if @ round body row! down an in- 
clined plane, and by its friction be hindered from ſliding : The ſpac, 
it deſcribes in any time, is to the ſpace deſcribed by a 85 . 

| ow freely wit bout friction; as SC to SO. 
For the forces that generate their motions are both d. 
in the ſame ratio, that is as the abſolute gravity to the 3 | 
= _ gravity upon the plane; therefore the ſpaces: deſcribed will re 
main in the ſame ratio of SC to SO. And in the rowling body, 


8 e eee the fame as if it bad 4 


29 > 


> 


| Y "= Ong | Cor. 3. 2 bis motion f 1 hol ni by rotation, : is a mation ES 


formb accelerated. Aud the tenſion 0 47 card is the 5 
_ thro the whole deſcent. . n 1 e * | 


SCHOL, 


86 Lee = eue body, S = + deſecibed by 7 | 

= 85 falling freely. Then the ſpaces deſcribed by rotation or whiri-⸗ 4 

U ing, in the following bodies, as SBP, in the ſame time are, 

„ I. In the circumference of 2 circle, SBF. or ſurface ak a 97 ke b 

| linder, ſpace =. 3 Sz. tenſion of the firing = 3 H. — 

2. In the circumference of a circle, Ar. iner =_ 
OE Os ee ſpace = 8, tenſion the. 


=0 x : , 
In the e of a cirele SBF, AL mea foe = TY _ 
pes! e Ace 0 Aa ere s ace = and n- oy I 
: at Ren AS =3W. _ ſp 
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The quantity and direftion v the preſſure of beams 


of timber, by their weights ; and the forces ne- 
e zo A Nain them. 


11 
— 


PROP. LXIL 
| Liang of timber, be ſupported at C and B, hing upon the wall 
E, witb one end. And if G be the center of gravity of the 


whole wei obt ſuſtained : and the line FGH be drawn perpendicu- 
lar to the 2 and CF and BH to CB; and BF drawn; I 


Jay, 
By be weight of the whole Body 
| wa Preſſure as _ Cc 5 
2 or pre ure at thebaſe B . FB 
e ebe . andin in e 


Arme beam ſupport weight, the beam and we muſt 

be conſidered ag one po oy wr: center of gr 5 et " Then 

18 Ne nit 0 be an 1 Ot. 3. Prop 

LIM.) the 7 0 be a plane 

_ perpendicular to BF; therefore (by Cor. 1. Prop. "Pw. II.) the 

Fn e ee ee, BH, 
an 


Cor. 1. N FB 1 how a add PRES the 
preſſure at B. And the preſſures at B in . BN, FD, DB; 
are as FB, FD, DB. 


Cor. 2. Draw Dr perpendicular 16. BC, and draw CD: Then the 
weight, preſſure at the top, dire preſſure at bottom, and horizontal 


ran ene cn 
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PRESSURE or: BEAMS. 3s 
For ſince the angles BCF, BDF are right. a circle deſcribed +. 

upon the diameter BF, will paſs through C, D. Therefore < 
BCD = BVD ſtanding on the ſame arch BD. And becauſe the 
< GBHand Ss at D are right, BHF'= "CBD; therefore the © 
triangles FHB and CBD are ſimilar, and the fi BHDF ſi- 
milar to the figure, DBrC, whence FH: BH: BF: BD :: are 

as CB: BD: : and Dr. | * W 


Cor. 3. All this holds true for any force inſtead of gravity, afling 
in direction GD. © | 280 e 


PROP. LXII. 


If BC be any beam, bearing any weight, & the center of gravity of 
the whole. And if it lean againſt the perpendicular wall CA, and 
be ſupported in that poſition draw BA, CF parallel, and FD 
perpendicular to the horizon ; and draw FB, then 
The whole weight  \ J&D x 
Preſſure at the top C | BD 
Thruſt or preſſure at the bottom B( FB, 


are reſpetttvely as and in the ſame dire ion. 


For the end C is ſuſtained by the plane AC; and if the end B 
be ſuppoſed to be ſuſtained by a plane perpendicular to FB. 
Then (by Cor. 1. Prop. LIII.) the weight, and preſſure at top, 
and bottom; are as DF, DB, FB. If you ſuppoſe the end B is 
not ſuſtained by a plane perpendicular to FB, the body won't 
be ſupported at all; by Cor. 2. Prop. LIII. | 


Cor. 1. If FB be produced to Q then BY is the diredtion of the 
preſſure at B. And the perpendicular preſſure at B (FD) is equal 


zo the weight ;, and the horizontal preſſure at B (BD), is equal to the 
Preſſure qgainſt Cc... 28 


P R OP. "OE LXIV. 


Fa beavy beam or one bearing a weight, be Elaine at C, and 
moveable about a point C; whilſt the other end B lies upon the 
wall BE, And if HGF be drawn thro' the center of gravity G, 


Per- 
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perpendicular to the borizon, and BF, CH perpendicular t 
C; and CF be drawn : then 9 ' 1 


The whole HF © : 
Preſſure at B — | 
Force acting at C, | 
are reſpeively as wt BY theſe Annen 
For the end B is ſuſtained by the plane CB; and (by Cor. 2. 
Prop. LIII.) the end C may be ſuppoſed to be ſuſtained by a 
lane perpendicular to FC; or by a cord in direction CF. Then 
nce HC is parallel to BF; the weight, force at C, preſſure at 


B; are reſpectively as HF, A HC; by Cor. 1. Prop. LII. or 
Cor. x, Prop, LL * 


Cor. But if inſtead of lying upon the inclined plane of B. ris 
B laid upon the horizontal plane AB ; then the weight, the preſſure 
at B and C, are reſpefively as BC, GC, and BG z and in this caſe 
there is no lateral preſure. 
For BF vill be perpendicular to BA and parallel to HF, and 
_ conſequently CF is alſo parallel to HF, therefore (by Cor. 5. 
Prop. XIX.) the fora  C, G, Þ are a BG, BC, and 06. 


robe PROP. LXV. 


Fo ken ben ie whoſe center of gravity is G, . 90. 
bn two poſts BA, CD; and be moveable about the points, A, B, 
C, D. And if AB, DC produced, meet in any point H, of the 
line GF, drawn . to the horizon. Aud if from any point 
F, inthe line G , FE be drawn parallel to AB; T fay 
The whole weight HF 
Preſſure at C HE 
Thruft or preſſure at B, ( EF, 
. ere reſpetiruely as Jand in theſe directions. 


For the points A, B, G D beingin a) lane perp. to the * 
zon z the body may be ſuppoſed to be ſupported by two 
at B, C, pe 423 par ang BH, CH. And 
in either the weight in direction HG, preſſure at B, C, 
a are-as HP, EF, and HE. 


N g ; 1 Cor. 


F 1G, 
90. 


PRESSURE or BEAMS. . 2 2 


Gur. = whether a loch be lane by 5 un BY V ; 
or by two poſts AB, CD; or by two planes perp. to BA, CD: The 
body then can only be at reſt, when the Plumb, line, HGF paſſes thro? 
G, the center of gravity of the whole weight ſuſtained. Or which is 
the ſame thing, «when AB, DC. interſect in «the. Plumb. line ma | 


palſing thro 20 center of gravity. | 
8 C H O L. 


ft , 


By the conſtruction of theſe four laſt propoſitions, there is 
formed the triangle of preſſure, repreſenting the ſeveral forces. In 


© which, he line of gravity (or plumb line paſſing thro' the. center 


91. 


of gravity) always repreſents the abſolute wei ight; and the _ 
ſides the correſponding preſſures. 


PR O P. LXVI. | 

If Sd beams AB, BC, CD, Gc. be joined together at B, C, D, 
Sc. and moveable about the points A, B, C, &c. be placed i in a 
vertical plane, the points A, F, being "fixt, and thro B, C, D 


drawing ri, am, ip perp. to the borizon. And if ſeveral weights 
be laid on the angles B, C, D, Sc. ſo that the weight on any 


angle C may be as — T . Cs 2550 Then all the beams will be 


kept in equilibrio by theſe weights, . 


Produce DC to r. Then (by Cor. 2. Prop. VIII.) S. ABC: 


8. <ABr :: Se B: 9 5 in direction BC = - DE and 


S. BCD: 6. Der: : weight: force in direction CB = Oc DC 


S8. 50D 
which, to preſerve the equilibrium, muſt be equal to the force 


in direction BC, that is Bes. ABr . OS, DCs. whence B: 1 


SABC © 5. BC 
. 8. 0 . BCD f . 
* And by the ſame way o reaſoning c: D: 


e HE. Th denen. 


SLE: ERR | £080 © Fenn 


SAN B © $.DCox8.EDt. S.ABixS.CBi  $.CDpx8.EDp 
| Cor. 
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G. 10 Produte CD, 6 that Do may be * to Cr, and * 
wx parallel to Dp, cutting DE in x. Then the weight C, the forces 


in directions CB, and CD; are as rB, CB and Cr N 


And W C is to the weight D, as Br to wx. 
Cor. 25 The force or thruſts at C in direction CB, or at B in 


Archon BC; is wr the ſecant of tht elevation of the line BC above | 


the borizon. | 

F or, force in direction CB: * in direction ob: : CB : 
C:: S. CrB or Cn or CD: S. BC: : coſ. elevation of D- 
coſ. elevation of CD: : ſer, elevation of CB * ſec: <dlevation CD; 
becauſe the ſecants are reciprocally as the coſines. 


Cor. 3. Draw Cp, Dm parallel 1% DE, CB; then the weights 


on C and D to preſerve the equilibrium, will be as Cm to {> Bl 


And therefore if all the weights are given, and the poſition of two 
lines CD, DE; then the poſitions of all the reſt CB, BA, Se. will 
be ſucceſſoely found. 

For let the force in direction CD or DC be CD; then Cp is 
the force in direction DE; and Dm, in direction CB. And 
Dp or the weight D, is the force compounded of DC, Cp : 
and Cm or the ne is the 1 e of 95 Dm; 


by Cor. 2. Prop. 


* 


Cor. 4. If the . lie not 'on 277% de B, c, D, Sc. lei 


the "4 of their centers of gravity be at x, b, k, J. And lt g. 


b, k, I, alſo expreſs their weights. And take the "OE 22 


427 c=B 3+ BR» D 5 % &c, then 


AB* * BC BC © CD CD 
B, C, D, Sc. will be the weights lying = the 2 angles. 
This! is evident by Cor. 5: Fer. XIX 


5. If the weights were to 455 upwards, in the directions 
= 75 Sc. or which is the ſame thing, if the figure A, B, C, 
D, E, F was turned upſide down, and the weights remain the 
ſame, and the points A, F be fixt, as before. All the angles at 
B, C, D, &c. and conſequently the whole figure, will remain the 


ſame as before: and that whether the lines AB, BC, CD, Cc. be 


flexible or inflexible, cords or timbers. 

This will eaſily appear by the demonſtration of the Prop. 

For the ratio of the forces at any angle C, will be the ſame, 

whether they act towards the point C, or from it; by Prop. VIII. 

chat is, it will de the ſame 8 whether the weight at ax U 
2 angle 


gr 
FIG. 
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92 PpRESSURE or BEAM 
F 16G, angle C, acts in direction Cm or G. And as the forces were 
9 5 . fare forces now do pull 


- I$CHIDM 


92. If DABF be a ſemi. circle, whoſe diameter is DF. Draw 
AG perpendicular to DF. Then the force or weight at any 
place A, to preſerve the equilibrium, will. be reci 28 
AG, or directly as the cube of the ſecant of the 3.4 
Likewiſe it follows from Cor. 5. That if any cords af equal 
| be ſtretched to the ſame degree of curvature, the ſtretch- 
ing forces will be as the weights of the c gha. 
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The lateral gb of aw 'p e e blots whe x 


E ir 250 9 n 


Let BD: be any heam, 3 nd 
end BC. Aud Je AFG be the perpendicular ſection. a. 
the depth AF into an infinite number of parts at a, ö, c, d, 


Sc. whoſe: number is AF er ns through Which, 


e lines 
drawn parallel to FG. And let any force be apply'd at P in 


direction DP, to break the beam at A; chen ſince the ſtrength 
of the timber is nathing but the force by which the parts of the 
timber at a, 5, * Sc. cohere together : the chreaking the tim- 
ber is - - overcoming tius farce, and the 
3 ne "Supp 
ab, bc, c. 5 imagine Y Aa, 27, 8. ſo 
oy —— leavers wh * is at A. . 
A e e 8 N 2.to break the 
timber at 4 Now (by Cor. 1. te 45 IX.) the power pp 
CO r 3 4, . 2 


will be » » * . | „ fc. 
DLO OE 2 

that is, as . 5 2 

| A AD © "AD 

n ar the . 

 Arength of the beam at A, vi be "EEE, TC 

that is, becauſe AQ is given, a3 m or AF. ere 


0 
"= | 5 


n che 


FIG. 
93+ 


ppoſe 1 force of coheſion of an of the 


HM s TRENOT RMI STRESS 
r O. FG be increaſed in any proportion; it is evident the — 8 


ev art Aa, ub, Ac. will be i 
me NOS. ens ent abſolute lateral 


ſtrength N ai 2 Re : #129770 


Cor. 1. In ſquare. Wall the” lateral aged is as the cube of 
the ages or 6 85 | | 


* K 
* N * 


Gor. 2: PF in ee . lateral "head 7 a9 ects 'of 


We whoſe eon 25 * ee are as 1 ve the 
fimilar fides of- e 78 | 


3 . SOR 5 N 


Cor. 3. And in any pieces of 7 whoſe liens are ſuch fi- 
gures, that the correſpondent ordinates, parallel to the horizon, are 


proportional; the ſtrengths are as the breadths and ſquares of the 
depths ; or as the ſetions multiply'd by the depths. 


: 28 Cr. 4. T he ſtrength of. Thug e th or of am pieces 
TY of timber, being forced or twiſted. round . SOT "Will do b as 


the cubes of the diameters. 
For let AD=r, circumference of the ſection D EROS Sc, 
Ap x, then the circurnference Pr — — „ and if the coheſion 
of a particle at p be = 1. Then the force apply'd at : Lto over- 
come it, will be — 7 'L and the 1 * to ofercoite 


the coheſion of 955 the parts, in che circumference einde be 
* e 


has) * ew , or Xxx; and the total force at Ato ort 
e _ 
come 5 coheſion of all the particles in the whole ſection DEFG 


is = x ſum of all the & = +2445 J. 
1 22 um 0 e . = N X1*+ +3 +4*: 
4 


to e . ber AY is Sven, _ 


| the ratio © a his ores th eng ofthe bum there 
fore the trength is as 11 ef AD), as ==, HB 


* p 


S.CHOL 


93. Whit n here Mid ef cinbe, is true 0 1 | 
bodies whatever ſort of matter nd are of, But 1 Nis 


wm” F oth 
* Fard's Math. Guide, Part V. Lem. 3. 


4 


Sea VAR 72 ov: TD IMB E R:. 
ſtrengch of any beam, leaver, rope, Sc. when drawn in direc- x x 6. 


tion of its length, will be as the ſection of it. For every part 
does in this caſe bear an equal ſtretch; and the ſum of all the 
parts is equal to the whole,” and that is as the ſection. 


PROP. LXVIII. 


The lateral ſtrengtb of a tube or hollow cane AB, to that of a ſolid 
one CD; is as ihe ſeftion. of the tube (excluding the hollow), to 

the ſeftion of the ſolid cane, and the whole diameter of the tube 
to the diameter of the ſolid cane, nearly. | 


r 7 121 1 3 X oy 
For by Cor. 2. of the laſt Prop. The ſtrength of the ſolid 


cylinder BF is AF, and the ſtrength of the inner ſolid cylinder, 
- whoſe fulcrum is at G, is EG., and whoſe fulcrum is at F, is 
greater than ZG? and leſs than EF, and is nearly ZG+7GP) 
= AF—3AE\3, that is AF AFN nearly. Therefore the 
ſtrength of the tube AFIGE, is the difference of the ſtrength of 
theſe cylinders, that is, AFE— AH +2AF*xAE. or AF AE. 


Likewiſe the ſtrength of the ſolid cylinder PC E, is CH). There- 
fore the ſtrength of the tube FB : ſtrength of the cylinder HD 


„ AHNAE: CH. But the ſection of the tube is as AF*—EG: 
or AF*—AR—2AE =4APXAE nearly. Whence, ſtrength of 
the tube FB: ſtrength of the cylinder HD:: NA XAE : 
CHC H-: :: 4AFXAEXHAF': CH CH:: ſection of the tube 
It its diameter: ſection of the cylinder. x its diameter: : 
ſection tube x diameter : ſection cylinder x diameter, nearly. 


Otherwiſe, 


Let the area of the ring AEGP be diſpoſed into another 
ring, whoſe diameter is leſs than AF; then ſince every particle 
of it acts at a leſs diſtance from the fulcrum F, its ſtrength will 
be leſs in proportion; that is, its ſtrength will be as the diameter 
of the ring. And when the ring is fo far diminiſhed as to 
become an entire circle, the proportion of their ſtrength will 
not differ far from the proportion of their diameters. Let the 


diameter of that circle be R; then, ſtrength of the ring or 


tube: ſtrength of an equal circle : : AF: R. And the ſtrength 
of R: tw that of CH : : R: CH. Therefore ex equo, ſtrength 
of the tube BF : ſtrength of the cylinder HD:: AR.: 


Fd RxCH: 


95 
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94. 
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94. 


95. 


the circle CH. 


Cor. Henct the ſtrength of aue. ien are 6s their ſoften, 
and diameters nearly. "40 


PROP. IXIX. 
3 4 laterally to a aver, or beam; the 
7 ke ay plc, is rh a ky and its diftance , th fs 
Place. 


For ſuppoſe PAP to be. a bended beaver. It is evident the 


wer at force is apply'd at F to 
E the parts S ar fra HY the diſtante 


AP, the greater wer has any given 8 aa 5. to 
overcome the co on of the wood at F. An 


whole ſtreſs depends on both. 


Gr. 1. F two equal weights lie upon the middle If tov Jeanie, 


or upon any other fimilar places C the Preſs in the es, Will 
2e ths of the beams. mba ers 


For if C be the middle point then & bears half the weight; 
therefore the ſtreſs at C is as Axe f weight. And becauſe half 
the weight, or the force acting at A is given; therefore the 
ſtreſs is as AC or half AB, and therefore as AB. And if C be 


W both beams, W | 
ollow. 


* 


Cor. 2. If 1290 beams bear two weights proportional to their 


| lengths, and in a like fituation ; the fre; upon each will be as the 


ſquare of its length. 
Cor. 3. And if two beam: bear two weights reciprocally Ae 


bs, milar #be 
a ſimilar fituarios ; EO CE 1 


PROP. 


E + 
4 - 
b 8 | ; ' — 
75 . 3 4 * x 6 
* 
2 1 4 »f Ee 2 . * 
: : 1 * 1 £ ; — « 
—— * . ; . . 
be . . * * k 
* 4 $ ® 
- 


O 


her” AB be any od of a given length; ſupported at A and B Z 
and any given weight either ſuſpended at any point C, or equally 

diffuſed 3 the whole length of the beam AB : I ſay in either 

* the ſtreſs of the beam in C, is as the reflangle ACXCB. 


| Caen . 


Let the given Jeight be repreſented by the given length of 
the leaver 45. Then (by Cor. 5. Prop. XIX.) the weight at 


PROP. Lax. „ 


110. 


79 


A, and the re- action equal thereto, will be CB. And by the 


laſt Prop. the ſtreſs at EE SS * 
tance AC, that is ACXCB. 


»- Casr I. 
* Let AB be divided into an infinite number » of equal parts, 
e 


ach=1. Then as AB repreſents the whole weight, 1 will be 


the weight ſupported upon 1 part of the beam, let it reſt at p 
* N on B. Therefore (by the laſt Prop.) 


ing from the wel - 8 p. : the ſtreſs at C ariſing 
from the ſum of all the weights between A and C, w be 


. A 
—— © x BC that is, (becauſe AC is the nungyer 


em) —X—. And by a like reaſoning, the ſtreſs at C, 


ariſing from the whole weight/ between. B- and C, will be 

L Conſequently the whole fireſs at C is 

ACXBC+CB*XAC _ ACHCB 
2AB — "248 


Cor. 1. FI greateſt fireſs of a beam is in the d ; the weight 


being either ſuſpended there, or equally ge over the whol length 


of the beam. 


9 ö Cr. 


— 


08 STRENGTH any STRESS 
55 5 Cor. 2. The ſtreſs, of the beam at any point p, by a weight ap- 
phy d to any other point C; is as APXCB. | ; 
For ACXCB is the ſtreſs at C, and {by Prop. laſt) 4pxCB 
will be the ſtreſs at p. | | 


% 


Cer. 3. De fireſs of the beam at an point C, by a weight ful. 
pended there ; is double the ſtreſ of the beam at the ſame RE 
by the fame weight preſſing uniformly on all parts of the beam. 

For by Caſe I. the ſtreſs at C is ACXCB; and by Caſe II. 
the fires at C is LED, | 


2 


Cor. 4. The ftreſs of a beam at any point C, by a weight 72 
pended there, is double to the fireſs at C, when the ſame 27 
is unifermly diſperſed on all the parts of AC. 


| 4 5 ; Cor. 5. If a weight preſs equally on all the parts of C; the 
«> 85 ſtreſs at C by that preſſure, is to the ſtreſs at C, when ſuſpended at 
| R C:: as Ap TAC, to 2AC. | | 
For (by Cor. 2.) the ſtreſs at C, by the weight 1 lying at p, 
is AB, and at C, is ACXCB. Therefore the whole ſtrefs at 
C, by the whole weight on all the points of C, is the ſum of 
all the Ap x CR = Ap +Ap +1 Tp +2... 4: RB = 
2 wo CCB. But the ſtreſs by the.whole weight at C, is 
4 A x CB PNC; and the former is to the latter, a PEE, 
4 x | 1 to AC. | 


Cor. 6. If a weight preſs equally on all the parts of Ap; the 
fireſs at any point C by that weigbt, is to the Rireſs at C uf ſuſ- 
pended there : : as Ap to 2 AC. 


| For the fires at C by all the weight on Ap, is 
= - 0 0+1+2... 4 XCB= #® xp. And the ſtreſs by the 
weight Ap at C is ACXCBXAP. - 1 


, \ > 
Cor. 7. The ſireſs at p by a weight at C; is equal to the ſtreſs 
at Coby the ſame weight at p. 1 | wy * 


PROP. 


Sect. VI. or TIMBER. 


PROP. LXXI, 


» If CD be 4 prominent beam, fixt borizontally at the end C, as in a 


wall; and if @ weight proportional to the length of the beam, 


be diſperſed uniformly on all the parts of the beam. The ſtreſs at 


any point F, will be as DF, the ſquare of the diſtance from 
the extremity, 3 Ps 


For let FD be divided into an infinite number of equal 
parts at p, q, r. 5, Cc. and let each be gi, and ſuſtain the 
weight 1. Then (by Prop. LXIX.) the ſtreſs at F, by the 
weights at F, p, q, , Sc. will be 1x0, 1x, Ig, &c. or 
as O, 1, 2, 3, Sc. reſpectively : therefore the whole ſtreſs at C 


will be 0o+1+2+3... FD = . i 


Cor. 1. Hence the fireſs at F, 'by any weight ſuſpended at D; 
will be double the ſtreſs at the ſame point F, when the ſame weight 
preſſes uniformly on all the parts between F and D. : 

For (by Prop. LXIX.) the ſtreſs at F by the weight DF, is 


N Win 
Cer. 2. The fireſe at the end BC, by the weight P, is the ſame 


as the ſtreſs upon the middle of a beam of twice the length DC, 
with twice the weight P laid on its middle; this beam being ſup- 
ported at both ends. | | 


" Forahe n doe d is the -fanic as if DC was contineed © | 


to the ſame length beyond C; and a 5 equal to P ſuſ-— 


pended at the end; and then the fulcrum C will be acted on 
with twice the weight P. And this is the ſame as if the beam 


middle C. 


was turned upſide down, and tw-ice the weight P laid on the 


PROP. IXXI. 


If there be two beams ſtanding a flope, and bearing tus weights 
upon them, either in the middle, or in any given ſituation, or 
equally diffuſed over the whole length of the beams: the ſireſs 
«pon them will be direfily as the weights, and the lengths, and 
the coſines of elevation. BD | | 


O 2 For 
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100. 
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For (by Cor. 1. Prop. XXXI.) the weight is to the preſſure 
upon the plane, as radius to the coſ. elevation. Therefore the 
preſſure is as coſ. elevation x weight : and this is the force act- 
ing againſt the beam. Therefore (by Prop. LXVIII.) the ſtreſs 
will be as its length and this force; that is, as the length, the 
weight, and coſ. elevation. bes | 229 
Cor. 1. F the weights and length of the beams be the ſame; 
the fireſs will be as the cofine of elevation; and therefore greateſt 
when it lies horizontal. 1 F 3 


Cor. 2. If the beams lie horizontal, or at any equal inclinations ; 
and the weight be as the length; then the ſtreſs is as the ſquare of 
the length. | 5 


Cer: 2 1} the weights are equal, on the borizontal beam AB, 


and the inclined one AC ; and BC be perpendicular to AB : then the 


frreſs will be equal upon both. Ok | | 
For the leugth x col. elevation is the ſame in both, or AC x 


coſ. A=AB x radius. 


Cor. 4. But if the weights on the ſame beams be as their lengths ; 
then the ſtreſs will alſo be as their lengths, AB and AC. 


Cor. 5. And univerſally, the fireſs upon any point of a ſloping 
beam, is as the rectangle of the ſegments, and the weight, and co/. 
inclination, direlily; and the length of the beam retiprocally. © 
For in the horizontal beam AB, if the weight lie upon 


+ 


C, the preſſure at A will be 5 x W. And (by Prop. LXIX.) 


this preſſure or force x diſtance AC, will be as the ſtreſs at C; 
that is, 3 Xt is as the ſtreſs at C. And if the beam lie 
a ſlope, the ſtreſs (by Cor. 1. Prop. XXXI.) will then vary in 
proportion to the coſ. elevation. | 


PROP. IXXW. 


If any beam of timber. be to ſupport. any weight, or preſſure, or fates, 
atting laterally upon it; the breadth multiphd by the ſquare . 
: = + the 


0 


Sed VIEG 0 TIN E R. 


F 


10 


tbe depth, or in Aae "ſeftions, tbe cube of the diameter, in x 1 6. 


every place; ought to be proportional to the length multiply'd by 
the weight or force acting on it; or as the ſtreſs in that place. 


And the ſame is true of ſeveral ing Pn. LA e com- 
- Pared logerber. W | 


For every ſeveral Saved en as well as every part of | 


the ſame timber or beam, ought to have its ſtrength propor- 


| tioned" to the weight, force or preſſure it is to ſuſtain. — 


therefore the ftreng ht to be e as the fireſs u 

it. But (by Prop. b. LX VII. the ſtren as the breadt 
ſquare of che Mok: And (by Prop. the ſtreſs is 2 
the weight or force x by the diſtance it acts at. And 3 
theſe muſt be in an invariable ratio. N 


Gr. I. If AEB be a prominent Fi: fixt at the end AE, and 
ſuſtaining a weight at the other end B. And if the ſeftions in all 
places be ſimilar figures; and CD be the diameter in any place C; 
then CB will be every where as CD*, And if ACB be a right line, 
EDB will Pe a cubic parabola. Therefore + of ſuch a beam may 
be cut away without any diminution of the ftrength. 

But if the beam be bounded by two parallel planes, eee 


to the horizon; then CB will be as CDi, and then EDB will be 


tbe common parabola. Whence a TIE en < 4 "= may be * 
cui n Mot » $2 yp 


* Car 2. But- FP a weight wil W on very part of AB, 
and the ſektions in all points as C, be ſimilar; then BC. will be 
every where as CD® ;, and EDR a ſemi-cubical parabola. | 


But if the beam be bounded by parallel planes, perpendicular to 
the horizon, then BC will be as FED, and EDB a right line. 


Here half a beam may be cut away, without loſing any ſtreng tb. 


Cor. 3. If AB be à beam ſupported at both ends, and if it bear 
a hens" in any variable point C, or uniformly on all the parts of 
it. And if all the ſeftions be ſimilar figures, and CD be the dia- 
meter in that place C; then will CDi be every where as ACXCB.. 

But if it be bounded by two parallel planes, perpendicular to the 


- borizon ; then will CD- be every where as AB, and therefore 


the curve ADB is an ellipfis, Juppoſing AB a 5 8K line. 


Cor. 4. But if a weighs be-placed at any given point. P, and all 
1 are fimilar figures; and if CD be any diameter; then will 
| BC be as CDi; and AQ * are two cubic parabolas.” 


But © 


102. 


102. 


101. 


103. 


104. 


F 102 STRENGTH AND STRESS 57 
J 1c. But if the beam be bounded by two'parallel planes, perpendicular 
2 104. to the horizon; then BC is as CD and A and BY. are two 
. common parabolas. 6 e e e e 


5 3 All circular plates, whether great or little, being of the 
ij ſame matter and thickneſs, and ſupperted all round on the edges, 
j | ' will bear equal weights. The ſame is true of ſquare plates, or any 


 ſemilar ones. ; © fil [501010 S620 
i 290. For let AD, ad, be two ſquares, and let them firſt, be only 
l | © ſupported at the ends 4B, CD, and ab, ed. Then by this Prop. 


| | (fince the thickneſs is given) AB : M8 x weight on AD : : ab 
: ac x weight on 2 e Loon! : weight on ad :: 
AB 2 — IR Ne Wo oat tary. nyo 
1 =: but = =» therefore weight on AD = weight 
| | on ad, when the plates are only ſupported by AB, CD; and 
1 a4, cd. And for the ſame reaſon the weights will be equal, 
= when only ſupported by the ſides AC, BD; and ac, bd. And 
' conſequently the weights will ſtill be equal, when the plates are 
ſupported by all four fides ; in which caſe, twice the weight 
will be ſupported. And the ſame holds equally. true of all 
ſimilar figures. For, 55 98 e ee e 
291. Let AD, ad, be two hollow circles; draw the inſcribed ſ 
Ac, abcd, theſe ſquares are ſupported upon the four ſides 
AB, BD, DC, CA; and ab, bd, de, ca, by the continuity of 
the plates; therefore the weights will be equal, as was proved 
before. And that the continuity of the plates will de une 
port the weights in both ciicles, is plain, becauſe: the ſtrength 
4 RE I AB, ab, are equal; the length being as the 
readth. N 6 8 55 | 


Cor. 6. Hence, the weight @' ſquare plate will bear: © 
To the weight which a bar of the ſame matter and thickneſs will bear :: 
As twice the length of the bar: | | 
To its breadth. Cod ts, 


And a circular plate is but very little weaker. 
S C HOL. 


| wo 2 | 
All theſe things appear from the faregoing propoſitions ; but 
it is here, d that the timber is homogeneous and of the 
ſame goodneſs; otherwiſe a proper allowance muſt he made for 
the defect. And what is here ſaid of pi of timber, holds 
equally true of any other ſolid bodies, ſuch as pieces of metal, 
ſtone, c. in be cut into the 


«4. 


, - . =Y + _ A ; ” R F4 * a + 

l 5 1 : | : N 

. - «7 \ * >. . * 4 ; $4 : 5 

, * * * I by „ F * 5 

by hn - — e 0 & 6 2 „ 0 — :, 
5 0 * N -4 : . 2 — 1 Fa 4 - 8 - 
VIII. or T1 BER; „ 

s " ; 5 L 0 3 

= 4 4 

C74 


figures mentioned in the for-goiogeoralbariee, all the parts will #16, 


be diſpoſed to break together. And if a ſpring is to be made, I. 
its ſhape ought to be as in Cor. 1. and Gen pity part will * 
bear a ſtreſs proportional to its ſtrength. 71 8 

oO. LxX1v. 


To weight A be upon the end of a crobked piece of 105. 
Se ABD; and from the ends, a line AB be drawn perpendi- i | 
cular to the horizon ;. and from the angle B, the line BC perpen- | 
dicular o AD : the fireſs at B will be as the perpendicular BC. 


For as the weight A acts not in direction A, but in direc- 
tion 4D; therefore it is the ſame as if it were apply'd at the 
int C. But a force apply'd at C, has a greater power to 

break the timber at B, in proportion as the leaver BC is longer. 

This force therefore, or the ſtreſs at B, is as BC. | 


Cor. 1. Hence if any two forces afting from or againſt one another, 106. 
at the ends A, F, of any crooked beam ABDEF, and keep one 
enother in equilibrio ; and the line AF or the direction of the forces 
being drawn : the ſtreſs at any point, is as the perpendicular upon 
AF. So the ſtreſs at bis he; at B, BC; at D, DI; at E, EK: 
and at G, H, nothing. ._ „ | 


Cor. 2. Hence alſo, that the firength in any part b, may be pro- 
portional to the ftreſs there; the breadth multiply'd by the ſquare 5 
the depth, muſt be as the perpendicular be; reckoning that the depth, 
which ts in the plane through AF. 


PROP. . EXXV. R 


Having the length AR and weight W, of a cylinder or 2 that 107. 
can juſt ſupport the weight P at the end; to find the length of 108. 
another beam” FG, | fimilar to the former, and of the ſame matter, 
that will juſt break with its own weight, or only ſupport itſelf. 


Since 


104 


e. 
107. 
108. 


JETS 
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Since the weigh hs bk nat ſolids ofthe ſie marr, © | 
as the cubes” o the lengths, it will be, AB*.: aa 


= W = the weight of the beam GH. Then by! Cor. 4. 


Prop. LXVII. the ſtrength of the beam AB is AC; and of and of FG, 
is FH. And by Prop. LXIX. the ſtreſs at 4 is i/+PxAB. 


And the ſtreſs at F is F6 VX FG. And ſince the beams | 


2.45 75 
are both ſuppoſed to break with theſe weights dere therefore the . 


| irength muſt be as the ſtreſs, that is, T PX AB 


; 2 AB» 


Ry 


109. 
110. 


2 


£6 . : 40: FH) : : ABÞ : FG... Whence — | 


=FG: A NP. Or FOH Ab TAP. Whencs 
W:W+2P: : AB: FG, . required. 


Gor, I. I emp. Then FG = ANT = — 5 3 


Cor. 2, Hence there is one and only one 20... that will juſt break 
by its own weight, or juſt ſuſtain a if 


Cor. 3. The ſame Prop. will likewiſe hold IP? in . to two 


beams ſupported at both ends and . in the middle, 2 Cor. 3. 


Prop. LXX. 


* 


Cor. 4. 7 the beam FG Fee by its 0Wwn MFR a beam o 


1 
twice the length FG, and ſupporting at both ends, will alſo break - 


by its own w ve - or if one ſuſtain itſelf, the other will. fog 
For the ſtreſs is the ſame in both of them, by Cor. 3. Prop. 
LXX. and Cor. 1. Prop. LXXI. each of them bein | 


equal 15 x 
the ſtreſs of a beam, twice e the 9 of FG, and fulp | 
the middle. 


Par ibn: > 


17 amy "weight be laid on the beam AB, as at c, or * arcs . 
ply'd to it at Ci tbe beam will be bent through 4 ſpace CD pro- 


portional to the weight or force apply'd at C. And the reſiſtance 
of | the Maw will be as the ſpace it is bent through, nearly. 
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Seck. WW. o TIMBER. 
15 In order to find che law of reſiſtance of beams of timber or 
ſuch like bodies, againſt any weights laid upon them, or ſtrain- 
ing them; I took a piece of wood 2 ſquare, and ſup- 
porting it at both ends A, B, I laid ſucceſſively on the middle 


95 
F 1G, 
109. 
110. 


of it at C, 1, 2, 3, 4, 5, 6, 7, and 8 pounds; and I found the 


7, and 8, reſpectively. And repeating the ſame experiment 
with the weights 3, ©, 9 1b. they all deſcended through 12 
either accurately or very nearly as the numbers 1, 2, 3. I try d 
the ſame thing with ſprings of metal, and found the fpace 
through which they were bent, proportional to the weight ſuſ- 

pended. I alſo tried ſeveral experiments of this kind with 


wires, hairs, and other elaſtic flexible — weights 


middle 5, re to deſcend through the ſpaces 1, 2, 3, 4, 5, 6, 


at them: and 1 found that the increaſe /of their lengths, by 
ſtretching, was, in each of them, propo 
hung at them: except when they were going to break, and 


then the increaſe was ſomething _ It may be obſerved, 
that none of theſe bodies regained their firſt figure, when the 


weights were taken off, except well tempered ſprings ; ſo that 


there are no natural bodies perfectly elaſtic. And even ſprings 
are obſerved by A to grow weaker by often bending; 
and by remaining ſometime unbent, will recover part ſtrength : 

and are ſomething ſtro in cold than in hot weather. But 
at any time a ſpring, and all ſuch bodies obſerve this law, that 
they have the leaſt reſiſtance when leaſt bent, and im all caſes 


are bent through ſpaces nearly rtional to the weights or 
forces apply'd. And therefore "think this law is ſallciently 


eſtabliſhed, that the reſiſtance, any of theſe bodies makes, is 


proportional to the ſpace through which it is bent; or that it 
exerts a _ 3 to the * it is ſtretched 7 

The knowledge of this property of ſpringy bodies is of great 
uſe in mechanics; for by this means a ſpring may be contrived 


to pull at all times with equal ſtrength, as in the fuſee of a 


watch. Or it may be made to draw in any proportion of 
— required. 5 

The action of a ſpring may be compared to the lifting up 
a chain of weights, lying upon a plane; or to the lifting a 
cylinder of timber out of the water endways. 
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ional to the weights 
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PROP. 1xxvn. 


111. Wan lateral firength of any beam of timber, weſt rank rh 
ſeftion is any figure whatſoever. 


Let ERG be the ſection. of the beam 1 it 
breaks. Draw the ordinates IN, in, ney near * . 
and parallel to the baſe RG. | 

: Put ER =d 
Es nx 


27 | 
. The abſolute ſtrengih of one fibre of the wood = 1. 

When the m bredhy, is drag bf the ty tion of the 
parts of the wood at E. Therefore be eſteemed | 


2 bended leaver, whoſe fulcrum is at R. -i Bag * beam bre 
the fibres at E are ſtretched to their full ſtrength, but thoſe 
nearer R are leſs ſtretched, and exert leſs force or 


proportion to their diſtance from R (by the laſt Prop.) ; and 
therefore the reſiſtance of a fibre at F Lee. 


of all the fibres in the parillelogram 5, = — xs; and the 
power of all the fibres in the parallelogram, in regard to the 


brachium IR, is = —- KN Cn Os | 


in the whole ſection = ſum of all the ZZ „ I. 


Let g, P. E ee of gravity and 
cuſſion from RG, as the axis of motion. * 


| "Then (by Cor, x, Prop. VII.) the fans of all the en 
=22 * lum of all che 15= gpx ſection ERG. And the ſum of 


al the . * = 5 rſedtion ERG. Therefore the ſtrength 
| of the beam at E, is = = 888 ERG. 


A., O's. "if here be taken RO-= . e 05 of 
5 wood being ſuppoſed to be collected in O, and atting there with 
their full ftrength ; their total firength at O, ſhall. be equal to the 

Prength of 9 I at the ſection ERG. | N 
For 


sec, VL. | © or Tur R. _ 
beg © be fc «pole the th reg of the 1 6 
beam, or x ſeftion ERG = RO x fedtion ERG; and RY 11. 
. | Th 
Cr. 2. If the ſeftion be a paralltlogram, g Sid, and pt 
er Es 5 8555 | : i ro 
u circle whoſe diameter is ER, g id, pg id, 
rd, Id nearly, as in the a | j 4 50 In 
In the periphery of a circle (the beam ing a hollow cane) gd. 
and p=id, whence RO = id = id, nearly ; as in the parallelo- 
gram. ER | 
In a triangle whoſe baſe is at E parallel to the horizon, and 
vertex at R; =3d, and p=id, and RO d. And 7 Boar 
Dad X area of the iriangle. „ 


c Th fragih of o ae wild "are 

wring round its axis, is equal to the lateral Pc of Ree 289. 
gular beam whoſe height = radius, baſe = circumference of the 
cylinder ; and vertex of the triangle, at R. | | 


For let AD . dre. BRN = eq Ap = v, cir. pgr = ©. 
. e | r 
The reſiſtance of a fibre at D is 1, and at Þ is = 1 and the 
reſiſtance of ald in zr is = 2; and the power of al 
power of all the fibrevin r in regard to the brachium pAis = 
n and the total power of all tie fibres in this whole ſec- 


tion DEFG is = < x fum of alt the + x 1 +21 + ; | \ 
+4: . to r =" © x3 Werfen we length is = 1 

And in the triangle, the area ==, and d = r, and the | 
firength = N = I. the lame as for che twiſted cy- . NED ; 
linder. e | 
„„ 8. HOT. 


This Cor. 2. does not agree ſo well with timber as metal, for 
the texture of wood is not the ſame in length as breadth. yo 
* Ward's Math. Guide, Part V. Lem. 4. 


28 STRENGTH any STRESS 
; r eng ems BONES Fay joined to- 


3 er by a glutinous matter, which is eaſily ſeparated ; and 
| C 


PROP. Lxxvm, 


113. Given the weight that will break a beam laterally; to find bow much 
will break it when drawn in direction of its length. ' | 
Let DR be the beam. | 
Put 1 = its length DE, 
W = weight apphed at P, that can break it at E,. 
Ge = depth ER, 
= diſtance of the center of gravity of the ſedtion ERG from R, 
7 diſtance of the center of percuſſion of ERG from RG, 


n, i = weight that wll break i when drawn in dion of 


its length. 

But if the beam be 3 at both ends, We the weight heals it 
in the middle; g and p muſt be meaſured from-the upper fide, and 
tate l for balf i 45 tength, W for half the Waght that b breaks it. 


For by Coe. 1. of the laſt Prop. fro =@, then all the 


| fibres of the beam acting at O, will be equal to the ſtrength of 
the beam; and ſince V, applied at D, can break it in either 
caſe, ann leaver, it will be, / x = 


RO abſolute ſtrength = 7X abſolute ſtrength, therefore 


he abſolute firengrh =E, oe the. weight. that can break it, 
when drawn in length. 


Cor. Hence, if there be taken RE = #2, then the weigh: 


which being applied at L, will juſt break the heam horizontally ; 
the ſame will juft pull it aſunder, when-applied lengthways. 


For then I = —-;and weight =refiſtance at O = ſtrength 
ef the whole beam, === 1 | 


Therefore 
*, 4 * : 


Seck. VI: | or IR R 
Therefore if a piece of oak, an inch ſquare and a foot 
fupported at both ends, bears 315 Ib. before it breaks; it will 
bear, . 2835 Ib. or 1 ton, pres Bak 2 

N 1 15 DOVE RU act © Quarter. | 
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but if it ſnould vary by the dinting in of the parts at R. 


it = cauſe a little variation in the ſtrength, and make the beam 
ſomething weaker laterally. And that it will yield a little this 
way, is evident from e for the hardeſt bodies, ſuch 
as glaſs in ſmall threads, may be extended in length, and conſe- 
quently may be contracted by a contrary force; and balls of glaſs 
or wood, let fall upon a hard body, will rebound ; * 
cannot do without the * in N 


PROP. IXXX. 


Fa weigbt be laid upon the freight beam AB, 1 at both 
ends; its bending or INE will be nearly as the weight and 


114. 


* direstiy; and as the breadth and cube of the depth recipro- 
cally. : | 


Iris found by Prop. LXXVI. that if ſeveral weights be laid ſuc- | 


ceſſively upon a horizontal beam AB, the ſpace CD, thro which 
the paint A will be as the w t it bears. Now the 
at e, , be d at ing of the de- 


cent, are gradually ſeparated ; till at laſt the beam breaks. 


At which time, when it can bear no more, the infinitely ſmall 


diſtance ef is a given tity. . If CD be ſuppoſed very ſmall, 
then CD is as ahaha gd SI Os ran 65 the 


infinitely ſmall adde «Dy i and when it breaks, 
as r "Fete 

— ̃ any bean 6k trek, ts depth 
then (by Prop. 9 2 or brats Dri = 


3. 2 N 
. Thee px" u. b wh, D 


2 5 | | 


* 
oy 


Dy - 
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nearer a parabola; fuppoſe it a circle, and 


STRENGTH :AND STRESS - 


By | for the curvature when breaking 17 for any other weight, 


„ ö 
D. e | 


1. The quantity of Sflexion cn of any beam, is as lb 
__ — cube 125 the length diretily, and the breadth and cube of 
the depth reciprocally. 


For when CD is very ſmall, ADB wa rn be 
its radius ; 


chen 2R x CD = rhe. 29 * whence | 


. or CDwas y7ger 


And if ACP, the original e 


line; yet CD will ſtill be of the ſame quantity. 


Cor. 2. In ſimilar bomogenous ftreight bodies, the curvature is as 
the weight direct, and: cube of the depth reciprocally; but the de- 


flexion CD is as the weight diretly, and depth reciprocally.. 


Cor. 3. In fniar bodies bending from fright bm, by ther 00 
rs ter curvature is given: N is as the m_ 


Cor. 4+ In ibe utmoſt firength of beams, anche apts; 
een the deflenion as the 
1 > reciprocally. 

er then þ & is as 1. 


Cor. 5. What is ſaid: of freight booms, e 


. beams, in regard to ibo incroaſt or. variation of eur dature, and to - 


the deflection from-their en ginal peition. 


sc Hor. 
What is ſaid of beams of timber in this ſection, Een 


1 ſolid bodies, acted om im a lib manner as | 


—— de e eee 
ing may have a grea effec. ; AS: iN the glaſs of large tel 
For (by Cor. 3. of the laft Prop.) dflexion from 
lt ariſing from their own — os th ur of 


- ton. And 


Sea. VIII. „ TIMBER 


£ 


the diameter, when the glaſſes are ſimilar. And tho this be 51 c. 


_ inſenſible in ſmall glaſſes, it may produce ſome ſenſible error in 
——_— and the lame may happen to them in grinding by 
too muc 

From 2 ropoſitions it follows, that if a certain 
beam of timber : 2 a given weight; another 
beam of the ſame timber, ſimiſar to the former, may be taken 
ſo great, as to be able but juſt to bear its own weight. And 
any bigger beam cannot ſupport itſelf, but muſt break by its 
own weight; and any . r. 
For the frength being as the cube of the depth; and the 


r 


of the it is plain the ſtreſs increaſes in a greater ratio 
than the firength. Whence it follows, that a beam may be 
taken io large, that the ſtreſs may far exceed the ſtrength. And 
that, of all lee beams there ty bur vie this will ſupport itſelf, 


and nothing more. Likewiſe if any beam can make 10 times its 


own weight; no other ſimilar beam will do the ſame. And the like 
holds in all machines, and in all animal bodies. And hence there 
is a certain limit, in regard to magnitude, not only in all machines 
and artificial ſtructures, ods ry > ooh wa ces 
art nor nature can go dap Poon fi them 

fame marter, and in the — 

Henee it is im that mechanic can be Dee 
to any bigneſs. For when they arrive af A particular fize, their 
ſeveral parts will break and fall afunder by their weight. Nei- 
ther can any buildings of vaſt bigneſs be made to ſtand, but 
muſt fall to pieces by their great weight, and go to ruin. 


Vaſt columns and pyramids will break by fa If ar tour 


down. - 
is likewiſe impoſſible for nature to produce-animals of any 


leafure ; or any fuch thing as giants, or men of 
8 = at pleaure cept ſome for matter can be found to 


— 4 the bones of, nch is ſo much harder and ſtronger than. 
any hitherto known : or elſe that the proportion of the parts be 
ſo much altered, and the bones and muſcles made thicker in 
proportion; which will make the animat diſtorted and of a 
monſtrous figure, and not capable of performing any proper ac- 
3 made ſimilar and of common matter; th 

won't be able ans or move, but being burden'd by their 
own weight, muſt fall down. 

Thus it is impoſſible that there can be any animal ſo big as to 
carry a caſtle upon his back; or any man ſo ſtrong as to remove 
2 mountain, or pull up a large IE the roots: nature — 

. it 


112 


r 1 0. admit of theſe things; whence its impoſſible there can be ani- 


mals; becauſe their weight is gr y the water. But yet 
ity, | 
will preſs upon one another by their weight, and deſtroy their 


faſter, jump farther, or 


regard to their weight. 


can be any trees of immenſe bigneſs ; if there were any ſuch, 


by their great weight. Thus its impoſſible there can be an oak 


it was compoſed of the ſame tender matter that ſome plants con- 
| fiſt of: nor ſuch a plant if it was much bigger than common. 


- port themſelves ; nature has made the trunks and branches of 
many of them hollow; by which means they are both lighter 


STRENGTH any STRESS, 


mals of any fort beyond a determinate bigneſs. |, 
Fiſh may indeed be produced to a larger ſize than land ani- 


+ 


they cannot be increaſed to immen becauſe the internal parts 


fabric. „ . 
On the contrary, when the ſize of animals is diminiſhed, their 
ſtrength is not diminiſhed in the ſame proportion as the weight. 
And therefore a ſmall animal will carry By mare than its 3 N 
weight, whilſt a great one cannot carry ſo much as its weight. 
* hence it Boer ſmall animals are more active, will _ 
rform any motion quicker, for their 
weight, than large animals: for the leſſer the animal the greater 
the proportion of the ſtrength to the ſtreſs. - And nature ſeems 
to know no bounds, as to the ſmallneſs of animals, at leaſt in 


either can any two unequal and ſimilar machines, reſiſt an 
violence alike, or in the ſame proportion; but the es | 
be more hurt than the leſſer. And the ſame is true of animals; 

for large animals by falling break their bones, whilſt leſſer ones 
falling 0. es receive no damage. Thus a cat may fall 2 or 3 
yards high and be no worſe, and an ant from the top of a tower. 
It is Ikeniſe impoſſible in the nature of things, that there 


their limbs, boughs, and branches, muſt break and fall down 


a quarter of a mile high; ſuch a tree cannot grow or ſtand, 
but its limbs will drop off by their weight. And hence like- 
wiſe, leſſer plants can better ſuſtain themſelves than large ones 
can do. | 


Neither could a tree of an ordinary ſize be able to ſtan, if 


And that plants, made of ſuch tender matter may better ſup- 


and ſtronger. | Cons MY 9 

The propoſitions before laid down, concerning the ſtrength 
and ſtreſs of timber, Sc. are alſo of excellent uſe in ſeveral 
concerns of life, and particularly in architecture; and upon 
theſe principles a great many problems may be reſolved relating 
to the due proportion of ſtrength in ſeveral bodies, according 
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af which I ſhall briefly enumerate. | 22G | 

If a piece of timber is to be holed with a mortiſe hole, the 
| is taken out of the middle, chan 


both ends, it is ſtronger when the hole is taken our the upper 
fide than the under one, provided a piece of wood is driven 
If a piece is to be ſplicod upon the end: of a beam to be 
ſupported at both ends; it will be ſtronger when ſpliced on the 


fide of a beam, than on the upper fide. But if the beam 


When a ſmall leaver, Sc. is nailed to a body, to move it 
or ſuſpend it by; the ſtrain is greater upon the nail neareſt the 
hand, or point where the power is applyd. "Be 

If a beam is ſupported at both. ends; and the two ends reach 
over the props, and be fit down immoveable; it will bear 


twice as much weight, as when the ends only lie loaſe or free 
by two pieces; the 


upon the fu s. n 
If a ſlender cylinder is to be 
diſtance of the pins ought to be 0 parts of the length of the 


cylinder, that is 4 its length; the els Carer ye from its 
5 dending or 


ſtrain, by its weight. _ 85 is 

By the foregoing principles it alſo follows, that a beam fixt 
at one end, and bearing a weight at the other; if it be cut in 
the form of a wedge and placed with its parallel fides, parallel 
to the horizon; it will be equally ſtrong every where; and no 
ſooner break in one place than another. 

If a beam has all its ſides cut into the form of a parabola, 
whoſe vertex is at the end, and abſciſſa to the 
axis of the ſolid, and baſe a ſquare, a circle, or any regular 

igon; ſuch a beam fit horizontal, at one end, is equally 

throughout for ſupporting its own weight. 


By the ſame principles; if a wall faces the wind, and if the 


{ion of it be a ri angled triangle; or the foreſide be per- 
pendicular to dd Mete, and the backſide terminated by a 


plane interſecting the other plane in the top of the wall. 
Such à wall will be equally ſtrong in all its parts to reſiſt the 
wind ; if che parts of the wall cohere ſtrongly together. But 
If it be built of looſe materials; it is better to be convex on the 


backſide in form of a parabola. 


when 
either fide. And in a beam ſupported at 
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-equally ſtrong throughout. 


STRENGTH'any STRESS 
If a wall is to ſupport a bank of earth or any fluid body; it 


ought, to be built concave in form of a-ſemi-cubical parabola, 


whoſe vertex is at top of the wall; this is when the parts of the 
wall ſtick well together. But if the parts be loſe; then a right 
line or ſloping plane ought to be its Such walls will be 
ae e AG I $7 
All ſpires of churches in the form of cones or pyramids, are 
equally ſtrong in all parts to reſiſt the wind. But when the 
parts cohere not together; parabolic conoids are equally ſtrong 
throughout. - W e 119 TITS: 6+ 
Likewiſe if there be a pillar erected in form of the logarith- 
nic curve, the aſſymptote being the axis; it cannot be cruſhed 
to pieces in one part ſooner than in another, by its own weight. 
And if ſuch a pillar be turned upſide down, and 9 at 
the thick end, in the air; it will be no ſooner pulled aſunder in 
one part than another, by its own weight. And the caſe is the 
ſame; if the ſmall end be cut off, and inſtead of it, a cylinder 


* 


be added, whoſe hight is half the ſubtangenn. 
Laſtly, let AE be a beam in form of a triangular priſm, and 
if AD Az, and AI=3AC, and the point ADIF be cut away 


parallel to the baſe; the remaining beam DICEF will bear a 


greater weight P, than the whole ABCEG, or the part will be 
ſtronger than the whole; which is a paradox in mechanics. 
And upon the ſame principles, an infinite number of queſ- 
tions of like kind may be reſolved; which are curious enough, 
and of great uſe in the common affairs of life. | 
All I ſhall here add, is the ſtrength of ſeveral ſorts of timber, 
and other bodies, as I have collected from experiments. 
In the firſt edition of this book, I had inſerted the ſtrength 
of ſome ſorts of wood, ſuch as. I had made experiments upon; 
in all which, I gave the leaſt weight, which the worſt of them 
was juſt able to bear: leſt any body computing the ſtrength of 
a beam, -ſhould-overcharge it with two much weight. And 
ſince that time, I have made a great many more experiments, 
not only upon many. different ſorts of wood, but ſeveral other 
bodies; the reſult of which I ſhall here ſet down. A piece of 


good oak, an inch ſquare, and a yard long, ſupported at both 
ends, will bear in the middle, for a very little time, about 330 


pounds averd. but will break with more than that weight. 
This is at a medium; for there are ſome pieces that will carry 


ſomething more; and others, not ſo much. But ſuch a piece 


of wood, ſhould not, in practice, be truſted for any length of 
time, with above a third or a fourth part of that weight. For 
ſince this is the extream weight which the beſt wood will bear, 


Seck. VIE | or TIMBER: - 
that of a worſe ſort muſt break with it, For I have found by 


experience, that there is a great deal of difference in ſtrength, 


in different pieces of the very ſame tree; ſome pieces I have 
found, would not bear half the weight that others would do. 
The wood of the boughs and branches, is far weaker than that 
of the body : the wood of the great limbs, is ſtronger than that 
of the ſmall ones; and the wood in the heart of a ſound tree 
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is ſtrongeſt of all. I have alſo found by experience, that a piece 


of timber, which has born a great weight for a ſmall time; has 
broke with a far leſs weight, when left upon it, for a far lon- 

r time. Wood is likewiſe weaker. when it is green, and 
8 ſirongeſt when 1 dry d, and ſhould be two or three 
years old at leaſt. It wood happens to be ſappy it will be- 


weaker upon that account, and will likewiſe decay ſooner. 


Knots in wood weaken it very much, and this often cauſes it to 


break where a knot is. Alſo when wood is croſs-gained, as-it 
often happens in ſawing ; this will weaken it more or leſs, ac- 
- cording as it runs more or leſs croſs the grain. And I have 


found by experience, that tough wood croſs the grain, ſuch as 


elm or aſh, is ſeven, cight, or ten times weaker, than ſtreight; 
and wood that eaſily ſpli 

weaker. And for common uſe it is hardly poſſible to find wood, 
but it muſt be ſubject to ſome of theſe things. Beſides when 
timber lies long in a building, it is apt to decay of be worm- 


ts, ſuch as fir, is 16, 18, or 20 times 


a . 


eaten, which muſt needs very much impair its ſtrength. From all 


which it appears, that a large allowance ought to be made for 
the ſtrength of wood, when apply'd to any uſe, eſpecially 
where it is deſigned to continue for a long time. b 


The proportion of the ſtrength of ſeveral ſorts of wood, and 


other bodies that I have try'd, will appear in the following table. 


Box, yew, plumbtree, oak — — 11 
- Elm, aſn — — — 2 
Walnut, thorn — — — TE 
Red fir, hollin, elder, plane, CE, 
e appletree ä 1 
ch, cherrytree, hazle— — 6 2 
Alder, aſp, birch, white fir, — 15 
Willow or ſaugh — — } 
Iron — — — — 107 
Braſs — — — 50 
Bone — — — 22 
Lead — — — E 


10. 


. 


STRENGTH. a STRESS 


on a 


n ü table 1 Be p Ae et be Wend Meare teh 


+ together, which I Fou eo-be Toney Vine" of the fame ſtrengh; 


as I found ſometimes one fort to exceed in ftrength, and ſome- 
times another ; there being a great difference, even in the ſame 
fort of wood: and I dont doubt but other people chat ſhall 
make will find them as different and various 28 
J have done, and x quite different from mine, juſt ac- 
cording to the els or badneſs of the wood t ak. Bin 
have conened my to ker der! found, om my 
own experience, as the reſult of a great many trials, without 


any regard to what other people have done or may do. What 
_ further add, is this, 


A cylindric rod of can fir, of an inch ci 


drawn in length, will at extremity, 400 lb. and a ſpear of 
fir 2 inches diameter, will bear about 7 tun; but not more. 


A rod of good iron of an inch circumference, will bear near 
1 
1 hempen rope of an inch circumference, will boar 
at extremi 


ty. : 
"Al this ſuppoſes theſe bodies to be ſound and good through- 


out, but none of theſe ſhould be put to bear more than a third 


or 2 fourth part of that weight, eſpecially for any length of 
ume. 


From what has been ſaid ; if a ſpear of fir, or a rope, or 4 
is of d inches diameter, was to i + the rxtrentm. 
then 
The fir would bear 8 f 4d hundred weight. 
The rope at dd hundred weight, | 
The iron 6 ⁊ di * 


SECT. 


SECT. 1X; 


Th ties of fide; the principles of hydro- 
2 Hale Sl 


PROP. IXXX. 


Motion or l in a fluid is not propagated in right lines; but 
equally all around, in all manner of 2 . 


210. 
118. 


If force aft at's i diraBion ab; that madien can he ined | 


no further than theſe particles lie in a right line, as to c. But 
the particle c will urge the particles iy F obliquely, by which 
that motion is convey'd to e, g. And theſe particles e, g will 
urge the u, p and r, s obliquely, which lie neareſt 
thera. re the preſſure, as ſoon as it is propagated to 


es that lie out of right lines, begins to deſſect towards one 


and the other; and that preſſure being farther continued, 
will deflect into other oblique ea. and ſo on. Therefore 
the preſſure and motion is. propagated obliquely ad infinitum ; 
and will therefore be propagated in all directions. 


Cor: If any part of a preſſure propagated through a Ja, be 
ſtopt by an obſtacle ;, the r- part will defiet? into the ſpaces 
behind the obſtacle. Thus if a wave proceeds from C, and a part 
goes through the hole A; it expands itſelf, forms @ new wave 
Hs N bole, which MOVES Jormare in a_ ſemi-circle . center 
is the 


For an of a Auid prefſing inſt the next, is 
re · acted a3 the next, and that ** next to it, is equally 


from whence follows a' lateral preſſure (equal to the direct 
oe, into the places behind the 9 a 


Ion 4435 
' FR OP 
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120. 
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PD nne 


fuid can only be at reſt when its ſurface is placed in a borizontal 
ſituation. DA 


For let ABCD be a veſſel of water or any fluid: and let 48 
be parallel to the horizon. Suppoſe the ſurface of the liquor to 
be in the poſition FE. Then becauſe the parts of the fluid are 
eaſily moveable among themſelves ; therefore (by ax. 7.) the 
higher parts at E will, by their gravity, continually deſcend to 
the lower places at F. Alſo the greater preſſure under E and 
the leſſer under F, will cauſe the parts at E to deſcend, and 


thoſe at F to aſcend. And thus the higher parts of the fluid 


I21, 


122. 


at E deſcending, and ſpreading themſelves over the lower parts 
at F, which are at the ſame time aſcending : the ſurface of the 


fluid will at laſt be reduced to a horizontal poſition AB. But 


being ſettled in this poſition, ſince there is no part higher than 
another, there is no tendency in any one part to deſcend, more 


than in another; and therefore the fluid will reſt in an horizontal 
poſition. 


Cor. 1. If the fluid does not gravitate in parallel lines, but to- 
wards a fixed point or center C; then the fluid can only be at reſt 
when 2 ſurface takes the form of a ſpherical ſurface AB, whoſe cen- 
ter is C. 

For if any parts of the ſurface of the fluid A or B, were fur- 
ther from C than the reſt, they would continually flow down 
to the places nearer C, towards which their weights are directed: 
till at laſt they would be all equi-diſtant from it. 


Cor. 2. Any fluid being difturbed, will of itſelf return to the ſame 
level, or horizontal poſition. ths 


Cor. 3. Hence alſo if a different fluid ABEF reſt upon the fluid 
ABCD; both the ſurface FE, and tbe ſurface AB that divides them, 
will lie in a level or borizontal ſituation, when at reſt. 

For if any part of the ſurface AB be higher than the reſt, it 
will deſcend to the ſame level; and ſince FE is alſo level, and 
therefore the height AF, BE in every place equal; the 
preſſure of it on all the parts of the horizontal ſurface AB, 
will be equal. And therefore it cannot deſcend in one place more 
than another, but will continue level. el 


Cor. 


sed. K. 'HYDROSTATICS, 


Cor. 4. Hens water communicating with two alas or any way 
2 from one place to another ; will riſe to the ſame level in 


119 
F 10. 
122. 


both places. Exc t ſo far as it is hindered by the friction of the 


chanel it moves thro", or ky * very ſmall degree of tenacity 
or cohefion. 


PROP. LXXXIL 


In ay fluid remaining at reſt ; every part of it, at the "= 
depth, is in an equal fate of engen. 


For let che plane EF be parallel to the ſurface 4B. Then 


' ſince the * of the fluid at all the points of EF, is equal; 


therefore the we ſtanding upon any equal parts of EF are 
1 1 nd erere ti preſſure in all the points of EF is equal 


Cor. 1. A fluil being out at reſt, the preſſure at any depth is as 
the depth. 


For this preſſure depends on the weight of the fuperincum- 
bent fluid, and therefore is as its height. 


Cor. 2. In any 7 oF 85 a fluid preſſes equally i in all dire&ions. 


For (by Prop. L ) as the preſſure in any place acts in 
all directions; it _ be the ſame in all directions. For if it 
were leſs in one direction than another, the fluid would move 
that way, till the preſſure becomes equal. And then the fluid 
would be at reſt, and be equally compreſſed in all directions. 


Cor. 3. The preſſure is equal in every Y of a Plane drawn pa- 
ral to the borizon. | 


. When a fluid is at reſt, each drop or particle of it, is 
— trat on all fides, by ah weight of the fluid. above it. 


PROP. 
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If fluid be at ret in any veſſel, whoſe baſe is parallel th Be bori- 
A the preſſure of the fluid upon the baſe, is as the baſe and 
perpendicular altitude f the fluid, whatever be the figure of the, 

containing veſſel. | : 


CASE I. 


Let ABCD be a cylinder or priſm, then (by Cor. 1. Prop. 
LXXXII.) the preſſure upon a given part of the baſe, (as a ſquare 
inch, ) is as the depth. And the preſſure upon the whole baſe is 

as the number of parts, or inches, contained in it; and there- 
fore is as the baſe and altitude of the fluid. 


Cas IL.” 


124 Let the heights and baſes of the veſſels ABC, DEF be equal 

to thoſe of the cylinder 480; then fince any ou of the baſes 

AB or DE is equally preſt, as an equal part of the baſe CD; 
therefore the whole preſſure upon the baſes 4B or DE is equal 

to the whole preſſure upon the baſe CD. And therefore is as the 

baſe and perpendicular height, FA en 


Cav. 2, If two veſſels ABC, DEF of equal baſe and height, tho? 
never ſo different in their capacities; be filled with any the ſame 


id; their baſes will ſuſtain an equal ity ure ; the 
a . Ter by 1 10 


Cor. 2. The quantity of preſſure at any given depth, upon a given 
ſurface; is ee the 5 the we e dk 
to the horizon, or perpendicular, or oblique ; or whether the fluid 
continued upwards from the compreſſed ſurface, riſes perpendicularly 
in a rełtilinear direfion, or - creeps obliquely thro* cracked cavities 


and canals ; and whether theſe paſſages are regular or irregular 


123. Cor. 3. If ABDCF be any veſſel containing a fluid; and BL, ED, 
HFOK, and GC be perpendicular to the horizon, and GHAB the 
furface of the liquor; and FL, COD parallel to AB; Then the 
preſſurt᷑ at L and Fis as BL or HF; at D, O and C, as ED; at 
K as HK. And therefore the preſſures at Land F is the ſame. And 
the preſſure at D, O, C are equal. ER | 


c. 


% - 


Sea. IX. | HYDROSTATICS, 
ce 4 The preſſure is every where dirttHed perpendicularly againſt 
abe inner ſurface of the veſſel, Therefore at K it is gel n. 
ward, at L ſideways, and at F upwards. By Prop. 9. 


Cor. 5., If two veſſels AB, CD communicate with one another by 
the tube BC; and if any liquor be poured into one AB, it will riſe 
to the ſame height in the other D; and will ſtand at equal heights 
in both; that is, AD will be à borizontal line. 1 


* 


For if the fluid ſtand at unequal heights; the preſſure in the 


higher, will be greater than in the lower, and cauſe it to move 
towards tie l ere 


Cor. 6. F two different fluids ſuſtain one another at reſt, in two 
veſſels AB, CD, that communicate; their beigbt above their place 
meeting, will be reciprocally as their denſities or ſpecific gravities. 


Let the fluids join at C, and take the perpendicular height of 
eC, equal to that of 48. Then if the denſities -of the fluids | 


were equal, they would ſuſtain one another at the equal heights 

AB, Ce. Therefore that the preſſure of the other fluid may be 

the ſame at C; its height muſt be ſo much greater as the den- 

l that is, CD: Ce or AB : : denſity of AB : denſity 
SCH OL. 

The truth of the foregoing propoſitions may be eaſily proved 
experimentally. Take fever tubes open ls a Gans 
ſtreight, ſome crooked, with their low ends turned in all direc- 
tions; and of ſeveral ſizes, regular and irregular. Put theſe 
into a veſſel of water to any depth; and the water will riſe u 


to the height of the external. ſurface of the water in them all. 
But this is to be underſtood of ſuch tubes as are ſufficiently 


F 1 6. 
125, 


126. 


127. 
128. 


wide: for in capillary tubes immerſed in a veſſel of water, it 


riſes ſomething above the level, and that to heights reciprocally 
as the diameters. Likewiſe if water can riſe and be ſuſpended 
at the height B in the capillary tube 4B ; it will be ſuſpended 
at the ſame height B, whilſt the part of the tube at B remains 
the ſame, whatever be the figure or wideneſs of the under part 


CD. And the aſcent and ſuſpenſion of water is the very ſame 


in vacuo. The ſame holds for any other fluids ;' but different 
Luids riſe to different heights: But quickſilver, inſtead of aſ- 


cending in a tube, ſinks in it; and has its ſurface depreſſed be- 


low the common ſurface, to depths which are reciprocally as 


129. 


. UYDROSTATICS: 
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110. the diameters of the tubes. But the forces which fluids are 
129. e in 8 a 5 . mg? 
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PROP. IXI. 1 


i a homogeneous body le immer/edin a fd of the | Tot denſity with 
Hef AY ill remain. at reſt in any place, and in any Poſition. 
But a4 ** greater denſity han the fluid, gill fink to the bot- 
tom; 6 body of ter denſity, will riſe ta the top. 


As WD 73 0M 


130. y EO be immerſed. in fluid AD: Then 
7 20 . dee L af t —— denſity AS fluid; 3 therefore the 
ody will preſs the flyi unge * it, juſt as much as the ſame quan- 
fey 8 — n * iy. its you And therefore the 7 


i. 


Can 1. 


„ be de d c Salts; 
d 50 is 1 ee an equal quantity 775 the ul | 
T 1 body will avercome the A 


925 I 5 bar link. But if the body be =] 
and TS 


eee the: SIG of the 

cer. 1. If ſeveral fluigs of diffrent di, 5 be mixt to p 

s ſame veſſel ; the, heavieſt-will get tg the orgy Hoes yoo. 
ih 0.4 129; and thy Ms wes des, 144 rears 
45 Ini para the the beaviah. will 5 6 the loweſt. 1 


Hence. bodies Placed i in fluids. dane a twofold. gelte Uh 
md. 3 the, other apparent ur ralanve. Abſolute 
3 aree With. which bodies tend downward : by thjs all 
* eee in their Proper places 3 and wm” | 
talen 


* 
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[3-0 e EEE | 


2 2 ee wiight of fbb ble; 
enced in veſſe # wt hi 
y. gravity is the exceſs of th# 22 0 about that 
of the fluid. By this kind 0 e fs do w'g avitate in * 
proper plates; "that is, they do 2 4 ug 
one anbl ber, defertir, uni werf 72 les 4 t 7 75 


Cor. 3 e 19 eld pee 
Potts fu, or if it mio in any direction; and —_ bt. 
drawn 3 the center of gravity and center of magnitude if 
the boch; the body will ſo 22 ſelf, as to move in that line; 
att that the center of gravity 
minguitude behind. 

For there being more matter and leſs ſurface near the center 
of gravity, that part will 8 leſs reſiſted than near the center 
of magnitude; eee che center of magnitude will be more 
retarded that the center of gravity," and de left behind. 


Cor. 4. Hence no body cap be ; rob: within a fluid, unleſs it be 


of the Jams ſpecific gravity as the 

Ms | HO 

What is here | Bodies of . er deff fi 25 in a 
fluid, muuſt be ee Le lid For if a Ly be 
hollow it may find in a lid af 189 derifity: Bur if the hol. 


lows or cavties e Ed Wik the yy ir'y 11 etith fink. Like- 
. K ctr dae u Abe Wie n oF 
tremel ti t in the flvi 
But . forces by which this 1s oe belong nue to = laws of 
hydroſtatics. 


de debe 
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on go foremoſt, and the center of 


4 in it; loſe thigh of 
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| laſt the body E 1 
ſity 9 92 288 ED 1 an — $254 endeayours 
to — or r herefore 1 it be or heavier, it 


only 


F 1 G. only endeavours to aſcend or deſcend with the Aifferchce of 


«5 3 


HYDROSTATICS.. 


| 130, weights of the body and. the fluid: eee 


e of as much of the fluid. 


* 


Cor. 1. The fluid acquires the Rk hich the body 1. nh 
For the ſum of the weights of the ſolid * mud is e 


x both before and after emerſion. 


Cor. 2. All bodies of equal magnitude immerſed ; in a fad, loſe 


equal W and . bodies loſe Wed: r to their 


bulks. 


Cor. 3. The is weights bf by n one and the ſame body i in 
different fluids, are as the 8 of the fluids, or as their * 


gravities. 


Cor. 4- Hence alſe, if two ode of al bulks, be in eguili- 
brio in one fluid; they will 7 * equili in another fluid, 


of different denſity. 


SCHOL 


Since a uk immerſed in a fluid, loſes ſo much woke as 
that of an equal quantity of the fluid ; therefore it tends down- 
wards, only with the difference of theſe weights : and. this is 
the relative gravity of the body in the fluid. But if the body 
is ſpecifically lighter than the fluid, it ſeems to loſe more weight 
than it has; and hence the body will tend upwards with the 


difference of theſe weights. And this is the relative levity of 


the body in the fluid: ſuch as we ſee i 105 feathers or . e | 
air, or 2 in water. 


| 


The weight of a ſolid body 4 3 a fl fluid, is qu to the 
weight of a quantity of the fluid, as big as the immerſe part of the 
ſolid, cut 0 by the Plane of the ſurface of the fluid. 


For if the body be at reſt, the preſſure of the body don the 
fluid n is uſt the ſame as the preſſure of the uid in 
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me room of the immerſed part. And therefore the weight of 16 


one is equal to the weight of the other. 
Cor. 1. F the body be homogeneous, the weight or magnitude of 


the whole floating body, is ta the weight or magnitude 7 the part 


immerſed:: as the denſity or ſpecific gravity of the flui is to the 


denſity or ſpecific gravity of the body. | 


Por the denſity of the fluid: denſity of the body : : weight (of 


the fluid equal to the immerſed part, or the weight) of the whole 
body: weight of the immerſed part. © 


re. 2. F one and the ſame body float or ſwim upon different li- 
guide, the immerſed part in each liquid will be reciprocally as their 


denſities. And therefore a body will fink deeper in a.lighter fluid than | 


in a beavier. 


PROP. LXXXVIL 


If a floating body AFBE, or ſyſtem. of bodies, be at reſt in a fluid; 

and D be the center of gravity of the whole body, and C the center 
of gravity of the fluid AFB equal to the immerſed part of the bo- 
dy : then I ſay the line CD will be perpendicular to the horizon. 


For as C is the center of gravity of the fluid AFB, it is the 
center of all the forces or weights of the parts of the water in. 
AB, tending downwards; but becauſe the body is at reſt, the 
ſame point C 1s alſo the center of all the preſſures of the fluid un- 
derneath tending upwards, by which weight of the fluid 
AFB or of the body AFBE (equal to it by Prop. laſt) is ſuſtained. 
Therefore the ſum of all the forces tendin upwards to C, is e- 
qual and contrary to the ſum of all the forces tending down- 
wards from D (by Ax. 11.) becauſe that 3 ſuſtains the 
body. But the weight of the body tending from D is perpendi- 
8 to the horizon. Therefore CD is perpendicular to the 


Cor. If the whole body be as heavy, or decir than water, 
and be immerſed in it; the center of gravity will be the loweſt, and 
deſcend the foremeſt e 
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rongly compreſſed on all fits; W 
ſame compreſſed fate. 3 


For if any particl OY” — than e tho f "= $4 | 


preſſure would move the fluid towards the lefs 


till their compreſſion became every where equal: and —. the A : 7 . 


- equal preſſares would ballance one anortier, and remain at reſt. 


132. rr Hence any ſoft Fly af CHI; ſh nem mur tinting 


being immerſed in a fluid encloſed in a veſſel,” and d frong h conipreſſt” 


on every fide ;, the body will retain its figure, and ſuffer no change 
Jrom i the compreſſion of the ambient fuid. And all its parts will — 


main at reſt among 3 1 in | JO Las CAE Jan's as 5 | 


- the fluid. 


Cor. 2. The m motion of any che . as E, or ofa number 2 | 


bodies, will not be at all chimged by the the Man dup 
- will remain-theſame- as before. & 


For the compreſſion: ati alike, an mule 
— mares un * ye 
Ce g. — veſſel; 4 — 


: ure on than another : but will give way to 
per ee E . be ra, i a ly 
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* * 0 P. LK. +. N 
T 55. W Air or any. _elaſic fluid of ſmall denſuy, be ſhut-uÞin ad 
Ad every part of it wil be in the Jam compreſſed ze, 


1 plat ABCD be avellal fall-of enclaſed a then the aip at 
—_— altitudes within the veſſel willbe in the ſameſtateofcompieſs 

an. And the compreſſion in the bottom of the veſſal can 3 

| exceed that at the top, tia weight of a column of air of the 
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_— be. . . uy Do 8 14 des 
4 e velit? AC, (b. Cor. 1. 0 
— a column of air 4s le in reſpect of the 
os 8 or the preſſure of the height of the atmoſphere. 
| 9 promo bony effion ee 
1 9 tony the f, 

Cor. 1. In like acute e of ihe addi e 
near the earth's ſurface, is very e the ſame. 
Por the difference is only the weight of a column of air, 
whoſe height is the difference 25 che ights of the two places, 
which i is very inconſiderable. | 


ce. 2. Far be compreſſad in 3 by the preſſure of Me 
ebene e air; its elaſtic . fs Eee” to — force and preſſure of the ex- 
 Fernal air. } i 


Cor. 3. The ain. doe FO thing by is ſing uur aft | 


Suid does & iti weight or preſſure... 
For the ſpring or elaſticity of che air, is the force i it exerts a- 


. ink the force of compreſſion; WT econ JON = 212 
8 C. H OL... 
That the air is a heavy, elaſtic, SIC N is con- 


firmed by many experiments made for Fharpurpoke. Its pro- 
perties are theſe, 


In) Burthe 1e. 


I. The air has ſcme, tho? a very ſmall degree of weight ; 1 5 


| 2 is ſo ſmall that it hardly becomes ſenſible, but in the 
he of the Whale Amoſphete, os. bod of air .acloling,, the 


2. The air is an elatic bud, and capable of being condenſe 
and rarified. And when. it is condenfed or forced into a leſs 
ſpace, its ſpring, or the farce. it exerts to bens itſelf, is pro- 
portional to the force that compreſſes it. And the ſpace any | 
given quartity takes up, is reciprocally as the compreſſing force: 
or its elaſticity is as its denſity. 

3. All the air near the earth is in a compreſſed ſtate, by the 
weight of the atmoſphere or body of the air above, which com- 
preſſes it. And from hence the denſity of the air grows conti- 

nually tefs, the higher it is above the ſurface of the earth, The 

weight of the atmoſphere at tlie ſurface of the earth, is at a me- 
dium about 144 b. averd. upon every ſquate inch. Rut at dif-; 
- ferent times it differs, by reaſon of winds, hot or cold weather, 

Ee But the . is uncertain, by reaſon it 
9 
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94 85 [1 
* 
o 7 8 


1716. 


0 and will Joſe part of its 1 


Then will D = 


and tye it to a piece of the light body, fo \ 464 


- 
A , 


by F : p k 18 ” 4 . . : \ 
' a , \ : 
5 | WF, 4 
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more rare towards the till it vaniſhes. 
atmoſphere is equal to 2 552 water 


or elaſticity of the ris encreaſed by heat, and 


—— 


be wei ht o 

11 5 ch. b. 
4. The ſpri 
decreaſed by co 
a veſſel; it will have a 


ater ſpri e $ 
pring by cu. | £ 


N " P 8 4 . 
b g . "4% © +4. 8 ln 
1 * * - V . *. 


PROP. 


10. 
* Jnd the Berit gravity " 14. 


* 1 


Vn be @ ſolid body beavier than water ; weight i it exatily, firſt 
in air, and then in water, or ſome fluid whoſe 8 gravity 
you know ); and let | | 

"The abſolute weight of the body = * 

The weight in water, c. = B, 
The ſpecificgravityof water, &c. C, 
The ſpecific gravity of the body = D, 


= C, the ſpecific gravity 7 the — 


5 Casr n 
| For ſolid bod li Her water, * Tile ee of mnt 
3 
may ſink in water: and p A. C, Das in Caſe 1 and 
E = weight of the metal in water. 


FR "_ of the compound in water. 


| oo eee body. 


"Se Can: I. | 
For @ fluid: Take a ſolid body of known ge el | 


| which will fink in the fluid. And putting the fame letters as in 
ee Then 92877857 = 2 D, . 


' A $5 
2 1 P : 4 
— 7 ” * 
> . a 8 
* 


cold; ſo that if any quantity of air be encloſed in 5 


7 , 
* 


. urbnosrürics c. 


* 2 1 R * * 2 '$ 


N 978 3Y N Or thus: 


© Ty a body chat ll fk in x the fuid and af in water; 
S abſolute weight of the Fey 9 * 
B = its weight in water, 
S its weight in the fluid, | 
«Ny S ſpecific gravity of water. 
| Z = ſpoke row Saen. 


eee s, duſt, or ſmall fragments 


of bodies, you muſt uſe a 2 or metal bucket;; obſerving to 


balance its weight both in air and water. And for bodies chat 
will diſſolve in water; weigh them in oil of turpentine inſtead 
aof water. When the body is weighed in the fluid, it muſt be 
ſuſpended by a horſe hair, or a fine ſilk thread. Note, if the 
body and fluid be near the ſame ſpecific gravity, your work will 
be more exact. 

To demonſtrate the rules; z it is evident 051 Prop. LXXXV,) 
that a body weighed in water, loſes the weight of as much water. 
Therefore in Caſe I. the weight of an e 10 quantity of water is 
B. But (by Def. 11.) \ ihe ſpecific gravities are * the 

8 of equal quantities of matter; therefore ASB:: A:: 


And in Caſe II. F—E = weight of the I; = bode 


(which is negative when E is greater than F) a0 the weight of 
an equal "quan tity of water is A—F—E or A+E—F, therefore - 
e 


(as in C 
qually true, whether D be lighter or heavier than Later. | 
In Caſe III. ſince D = D. or in 


* . N 


I.) it is A+E—F: A:: C: D. And the rule is e- 


the other rule; A—B = weight of as much water, and A—G T 


= weight of as much of the fluid, and the ſpecific gravities be- 


ing 4 the weights of equal quantities of the matter therefore | 


4B: : 2. 


75 "ARIES (1 4 | 
JO; 


Cor. 1. Hence Va piece of metal, er any fort of matter is ED 
to know what fart it is of. Find its ſpecific gravity by the rule above, 


which ſeek_in the following table; and Ibe neareſt fe it gives the 


name nn. n * — 


42 11 


* 


* — 


ES Cor. 


ago 


1 
- 


0. e wy t0 fnd 8 ſolid 3 my a [mall body 3 * 


| Fi ine Braſs. 


0 . : v e r > 7 
Hand Cryſtal \ m_ 5 „ Ws, Yo, 
P * * 


water. Weigh it in air and water, and the difference of the weights 
reduced to grains, being divided by 2 563 ; the L 1 the cubic 


#nches it contains. 


For a cubic inch fo weighs 3 cv or a cut ler 


weighs 76 Ib. troy, or 621 b. averduppile, "which k i bot 254 


grains to an inch. 


BOT: \ WE * wc VN. | 
Cor. 3. Hence alſo the ſolidity * "bring. 3 * Werber 

lu of ep and the contrary... Thus, put 1 2 0. = 
troy, or 0.5787 ounces qverdupoiſe; and D = 278 oun y 


_ the body, 5 the following table. Then as 1: nD +: JOY p 
| inches : weight in ounces ; and one being given, finds the other. 


For the weight of a cubic inch of wdr is ROY or 
767 oZ. ene, 1 £28 


188. 


4 TABL E alis hee a. 


80 1s. 155 1 


— 
— ———ins ———— —— 
Copper ̃/ͥw(l— 
Copper Halfpenſste— — — 3 915 
: 4. . 5 | 2 4 : * — g * 


Iron — c wg 
Power: © => ny: 15 ons a: ene 
in n — 7.280 

| Lead Oar — : — 7 I 200 
Copper Oar | ao. Nn ; dos, 


Lapis . . 3 
Load-ſtone Geng re 0b} 8 
Diamond e 8 -QO 


" 7 PORT . 2 "> 
Sea. X. DROFS 


TATEC: 


/ 


* 


| 


een 


a 
* 
% 


„ 
by | 1 . Fa 9 


Brandy — 


woo 9 4 


Fir * kf ——— 


Cork 


uickſilver 

Oil of Vitriol 
Oil of Tartar 
Hoe ß 
Spirit of Nitre 


Aqua Fortis 


Tele 


Aqua Regi x 


Spirit of 
Human Blood. 


Sack | 


Urine 


Sea Water - 


Lie | 
Vinegar 


Tar —— 
WATER 
Diſtilbd Waters 


Red Wine 
Linſeed ON 


Oil 


Spirit of Turpenti 


Spirit of Wine 


Oil of Turpentine 


Common Air 


ICS 4 
14 * 


42 


Serum of anna 


nm 
— 
—" 
„ 
r 
* ® wk 
ens .700 
— 200 
ae 
7 613 
„ 
8— 
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| this table have the mean ſpecific 
b ce in different pieces 


Ss 


avities. For there 110. 
the ſame ſort ß 


body z by reaſon of their different 
neſs, 


goodneſs, fineneſs, compact. 
being more or leſs free fro - 


texture, m mixture, 
&c. And ſometimes by a grea 


degree of heat or cold, which 


affect all bodies a little; from whence there will ariſe a ſenſible | 
difference in different parcels of the ſame fort of matter, in al- 


| ran all bodies, whether ſolid or fluid. Particularly in wood, 
re is 


great difference, for green wood is far heavier than dry ; 
wood, and ſome green wood will e as eli. 


9 
- 
LD 


PR O P. XCI. | 
The center 3 areffor of any plane ſuſtaining a fluid grata againf 


—_—— 


it, is the ſame as the center of percuſſion ; ſuppoſing the axis of 


J to ” at the neee 77 this 1 with the Jax face of the 


— 


- 
4 4 
_—T_ — — 1 


The center of 
applied equa 
ain it, ſo as the body preſſed on, will incline to neither ſide. 
Let AF be the ſurface of the water, O the center of preſſure; 
draw AO ; and parallel to AF, draw chd. Then the preſſure a- 
gainlt any ſmall part cd, is as cd and the depth of the fluid, 
t 


ure is . point againſt which a force be- 
and contrary to ot agar preſſure; it will juſt 


— 


is as cd x Ab. And the force to turn the plane about O, 


is cd x AbX 50, or cd A A0 — dd x Ab. 
of them all muſt be equal to o. 
ſum ef all cd x A 
ſum of all cd 
ſame as the center of percuſſion, 


And the ſum 


; and therefore (by Prop. LY) 0s th 


* 
* 
* 
* 
N 
* 
- 
; PEA a ; 
9 _ þ a. => 4 2 2 1 
. 2 EO EE _ * Res 2 * * — — rn 1 » 
: CCC / CTRL cunthSna. 


Cor: 1. The center of preſſure, upon a plane Ng to the bori- 
Lon, or upon any plane where the preſſure is uniform; is the Jame 
as = center of gravity of that plane. | 


ö e part, in de fame manner 


as gravity does. 


Cor. 2.-The « 
| the of he 


tity of preſſure upon 


any plane ſurface, is 3 
e Placed al, to. 


tbe. NOT at the 
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716. db where its center f gravity is. And ne ſame 5 


number ates taken together. 
** n reſſure is as the bum of all the W N 60 


and upon placed at the. center of * 
n center . 


Cor. 3. Prop. XLIV.) theſe 
ſame By be proved — ſeveral dare or te 


(Os POR OR e OO A tel fri 


* 


2 ; 


* - 
— 


PROP. XCIL 
3 a of a body, or Alen of bed 


| . | immerſed in a fluid. 


"2-3 bum in the fame with rect f. dene. 

I | immerſed in a flui 3 is to bodies in 

8 free ſpace: e ga yore — ich if the body or bo- 
dies be ſuſpended, will reſt in anꝝ poſition. ON 

67. Let A, B, — 96 Hong or the quantities of matter in them ʒ 

» $ 7 their relative gravities in the fluid 3 1 = abſolute gravity.. 

| Then 94, 9B, C are the weights of 4, E. C in the Let 

G be the center of equilibrium. . 'Then, by —— 

in Prop. XLVIL che ſum of the forces of AB, Cis pA tw 

+ 9B x . CNC = 1 the ſum of the 

forces or weights when fitusted in G. den Og = 


"x 5 2 , the ditance of the ceater of equi- 


Fab +7 
linien From 07, in the flu, And if any body, as A, is lighter than 
the fluid; then its relative gravity p will be negative. And if 
any body i is ſituated on the other fide 3 us diſtance. 
from it muſt be taken negative. 


Cour. If the W or —— aner of el 
* 25 is. the Jame e 45 the center of . AE 


SCHOL. 


The relative gravity is found ds, Tate the perle 
of the fluid from that of the body, and divide the remainder” | 
by the { Baby fo 0 of the body. And theſe ſpecific gravities 
had by Prop. X 


19 4 *. ' 


PROP. 


ven point, will require diffesont times of in the fluid; 
= refore we maſt find the point where a particle o infinite den- 
fity being placed, will vibrate in the ſame time as the ſyſtem. : 
and this will be the center of oſcillation. For this nnd rn will 
loſe nothing of its weight in the fluid; its zelative 
the ſame as the abſokite. Whence the vibrations Fi parc particle 
will be performed in the fare. tirne as imvacun. * | 
Let A, B, C be three bodies, or their quantities of matter ; 4 
2, 4, 7 their relative gravities in the fluid; 1 = abſolute | 
Then pA, 9B, C are the weights of the hadigs in the. fluid. 
Let G be 4 center of equilibrium; and O the center of oſcil- 
lation ſought. Put 5s = Ax SA* +B x SB. + Cx SG. Then 
828 rot ore veer Prop. LVIII.) \ 
| n 'C generate in de : 


77 are, por . — . 2 nd che whole a angu- 
cs hog cn OW —8e XpAy W 555 — Avr 


Likewiſe the angular yeledity/witicls the particle, ferred in 
r X r 


Rats e age. ne ee 
a * x are'p 1 . e A r 1 Age tics 
muſt be equal. T 2 
+ 2% Fx Sh * 15 
5G. SGN hes 4580 
D N + Snxq4B + Sdxrc _—_ ('by CO aa fs 
| — Se x24 + Sn n & d N = S 01 4 + 7 + 7C. 
AX SA. + B XSB* + Cx SC* 
therefore 80 = . ee 
RF eL pecan 
zel lle, out of H nen n 


1 5 | Vis. b | 
I — v 7 25 405 * e Wenn rie. 81. b | 
0 PR 0 *. nem. 4 
y > 2 of be bodies oſcillate in a uid, without . to hy | | 
uhu nee pendulum vi airng in n 5 3 

Becauſe particles of different ſpecific gravities, ION — any i 


"OT" 
: * 

* . - 
"iſ 


— — 


— 
$..4 
” IP” o mo 
. : * 
1 2 r - 0 5 — 1 "_ 
. py ee 1 . 5 * e os " - 5,08 
— 44 = + 1% 44 + Lo, Coutts, ——— — — — 
. ͤ ö— 


K 
> 25 4401 
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FIG. 895 
81. Cer. 1. Hence if the bodies FR WASTE tha 


490 = AN SA. + BxSB* LCN. #29 22 
= PxGxXA+BHC _ M 


W i is "yk Xe CNS 4 
Wen be Eee maker o ed e, age my ty 


in the ſame time that a Jmple Pendulum, wwboſe * 
SA B SB. . Cx 800” | 1 


"S$GxrA+aB+rc *". makes a vibration in vacuo. via 


For the velocity of the r being very ſmall ; the _—_ 
is inconſiderable. mak 


. = 0m 3. Hat if $4 be the Eil if FRYER A), vi- 
baut in vl. they Teoma of an Yocronal pendulum 
in vacuo. 


Ax 
Fo in gk en 80 = r or © = 


1 if 9 os negative, exe mation ſcat b 
than the fluid ;-the pendulum will turn uꝑſide down, and vibrate up- 
wards in the fluid. F of 


the fu will be f. a before. 25 


-— 


T4 


s O 


The center of pe fonts the Gillis Bold E r 60 & 
For there is no concerned in that, but the ities of 


matter phe re both of which are the ſame in the fluid, 
as out of the fluid. + 


The ns Fe 4 r r are found by the Schol, of the 
loſt Prop. | | 


*5, 


PROP. xe. 


V. a fluid r runs ; thro any tube, Pipe.) or canal, and 8 fills. 11 


3 in am Place will be reciprocally as the ſeftion in that ; 
© E. b 


# 


5 


4 22 
"Wn * ners K * 
e * * 

* o a * o 
* "4: 1 oa 
d * 4 : — 
* 
$4 * 


10. . 9 OP 7 " 4 * 3 OS - * 4 
5 — . - * * = * = = 
4 " 3 - 8 ns N x * 
5 bs p g - 2 p 


4 45 : ; 
« a p _ 
: 3 * * 0 
7 n 1 
* 1 
f . 
* 3 


| 880. . HYDRO 17 1 716 8. . 
Let 4B, CD be two ſections at & and C; = let the quan- 


rity of the fluid ABDC, in a very ſmall time, be tranſlated into 


the part abdc of the pipe. Draw Pp, I perpendicular to AB, 


CD, or parallel to the motion of the fluid; then Pp, 2 4 g being 


indefinitely ſmall, will be the velocities of the fluid at P an 


2,, or the ſpaces deſcribed in that ſmall part of time. Then, : 


becauſe-the pipe is always full, the quantity ABDC = abdc. 
Take from the part a&DC, which is common; and there 
remains ABba=CD&s 1 is phos bang APE Bx Pp = gon 


ne 
. Gor. I. 'The quantity of N 1ht fluid 1 the pipe * 95 


am ſeftion. CO; is equal to the motion of a cylinder of that fluid, : 
whoſe baſe is CD; and length the' ſame with the pipe from the be- 
ginning to that ſection, and velocity that of 'the fluid at CD. Or 


the quantity. E: motion at wy is as the length of the- pipe to that 
ſeion CD. 


For ice the veocey in A's .f. the motion w of bbs 


APB 
is „ that in as Ppy and the motion of the whole, is as the 


ſum of all the Pp, or the length of the 1075 without any re 
to the diameter AB. The e oſe baſe is CD, and 


hight P is PCD; and its motion with velocity at G, 
=D . as before. 


Cor. 2. If water is 2 n 5 the pipe PR n 
force. ating at P, and the length f the pipe PR be given; the 


quantity of water diſcharged at R, in a ſecond, or ſome given time, 


will be as the ſection at R. 

For if the force is given, the motion generated in a given 
time, will be given; and this motion, being as the quantity 
of water xe velocity at R ; therefore the quantity forced through 


R, will be reci e. nn 


at R, by this Frop. 


Cer. 3. The velocity pal; quantity of motion, is the ſame very near 
in crooked tubes as in ftreight ones; and in pipes divided into ſeveral 


ane ae eee the ſev 4 all we ws 45 2 A of 


a 8 * 1 a * 9 4 W 2 * =. 1 
* 
A . 
N [! 
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18. 


135. 
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7 * "% ? — 7 2 OY ( > I " , 
1 | "I - 4 4 \ . ) 'S ent, if 7s 3 , of FL % » "4s 
1 oy 
2 nn * dat ini nn WTI 


P R 0 e nets be WE 


5 # 


40 


I om pipe whoſe alen is ABCD, the 5 ar ere hs  folit- _ 


part of the pipe at B, is equal to. half the pr the | 
upon the plane BD, . to li cor in B, ad 
of the ſame lengths that part N the pipe $397 


Let Ee be any ſmall part of the ſurface win EO pep to 
the curve Ee. Draw EN, en perp. to BO, and er perp. to EN. 
And let OE repreſent che preſſure of a particle of the fluid, 
then EO x Ee = preſſure upon Ee. The E may be di- 
vided into the two ON, NE; of which ON tends only "20. ſpl 
the tube at 4, but that in desde NE i che force 2 
the parts at B. Therefore EM e is the ſtreſs at B. But the 


triangles Eer, EON are ſimilar, and Ee x EN = EO xe, or 


EOxNn. Therefore the part of the preſſure on Ee, in direc- 


tion NE, from whence the ſtreſs at g ariſes, is EON, that 


BC: but th 


is =to the preſſure upon the plane Nu. Conſequently the ſtreſs 


ariſing, from the preſfure on BE is = preſſure on BN, and 
from the preſſure on BA is = preſſure on. BO... And the ſtreſs 
at D by 1 on AD, is equal to the preſſure an OD. 
Allo we ppoſe the ſame forces in the. emi-cirele 
Ele 


ſerve . to e w 8 upon 
TA in equilibrio. * | 


Cor. . The fres on any part of pe ful far, is 4 5 


diameter of the W 1 and the perpendicu of the water a 
T place. 9 the 233 12 the metal ought to 't 
in that ratio. | 


Cor. 2. I any CONCque |} frac cafe, or ve 2 5 ue re- 
volving round an axis, and filled with g fluid; the 


eſs as- 
Sling is equa] to half the preſſure upon the plane paſſng i 2 rg 


its axis. And the ftrefs on nne ta. 1 
whole preſſure on that plane. 


For. 3. Hence the int e the 
ee ee ee "pie ? 


Cor. 4. Hence it follows, that the ſtreſs, 
fur 5 0 pi ſi ? rg Ben, 25 


any 


Sect. N. HYDROS TA TI 0 8 Sc 139 | 


draws: 
odor 10th a dren TT; the fre Henle frm the 735 
ſure on * is = preſſure on BV 


Cor. 5. And if the pipe be flexible ; it will, by the preſſure, be 
put into a cylindrical form; or ſuch that the ſeBion is a circle. © 

doen bo r/than 40, there will be a greater preſ- 
1 4 dan in e And the greater 
preſſure out. A and. GC, become equal 
to. 80 and AB D be goes Beſides, a cirche is more. ca- 
pacious than any And if à pipe be not flexible, 


the fie of he id lt IRE it 
into : Leeds figure. - r . 


" * 
N Ch ha 


Cor. 6, Aud elaſtic compreſſed be indloſed 2 
e 2 — . 
inte 4. ſphere, for the ſame 


i ot WH, 20 AG. LO YO 4155 

* i * 87 * 1 . * £ "x * 5 : : 4 2 

terra ee A Lo 30 14 2 2 8 1 . bt IT 1 
: * X * 


a 3 . ” 25 d i . . F l 
nee * * A "4 4444; "+f} ; 111 7 LH Qf17 2 
* q 2 * ; 
eee P \P. Levi. 
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in the water (DEF; the OOO 
| Properties! to MD, e. 5740 


Fer the air comprefied-at A is in a 
preflure of the water. At B and, O the air in in the ſame com- 
preſſed ſtate as in A, but the external preſſure at B, is leſa b | : 
the weight of, the column. of, water 4B : and: at any place O, 
the external preſſure is leſs, than in A, by the weight of: O 
therefore Key rr preſſure at O e the external, by the 


weight. of the, gokaran rages th rr es Oris as 
that exceſs. 


Car. 1. The fraſt is gata a * al Ait 1 


cd If the ena inflexihia 3, the will, be. according b. 
the ſtate of the compreſſed air within it. If the air within, be the 
ſemo as. the external air at B, them the ftreſ a O is as BO» 


it be leſs then the external. air, the increaſe of. the: ſtreſs: — 4 


alſo as BO; atting at the outfide. If it be of very great denſity, 
e 1 
or 


140 
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710. Tor the pralfure düchin is uniform: but Withou 1 85 as the 
' 130. depth: of the water. 8 Nn Mak nga | 8 * N27 


MA KY 1 82 — 5, AQ r A 


bY. 8 „ 4 8 q0 Mir * Ay A 5 A FJ \\ \ hy N by "8.3 
"Aris 4 att Na! 1788 e N warne 5 var wa 
be 1 wt R 0 F. Tevn. an on 
15 "fil | 0 ac OM cf A 


ier 20 e 
4 


The hates Py ving in any mY 'throu; Fw the 
- bottom or 1 £048 | 20 Us fall, os Nun 4% a* cylinder 
<whoſe baſe is the arta of the bole,” And its length the act a body 

will deſcribe in that time, with bp" velocity ac reg by Jo! ng 

through half the height of the liquor above the rn 


137. 5 Let ADB be a veſſel of Water, B the hole, and take 0 


the height of the water. And let the cylinder of water BC fall 
by its weight through half DB; and it will by chat fall, ac- 


quire ſuch a motion, as to paſs through DB or BC uniformly 


in the ſame time, by Cor. 3. Prop. XIV. But (by Prop. 


LXXXIII. and Cor. 2.) the water in the orifice B is preſſed 
with the weight of a column of water, whoſe baſe is B and 


| hag BD or BC; therefore this preſſure is equal to the weight | 


cylinder BC. But equal forces generate equal motions ; 


| techie the preſſure at B, w erate the ſame motion in the 


ſpouting water, as was generated by che weight of the cylinder 


of water BC. Therefore in the time of through half 
DB, a cylinder of water will ſpout out, whoſe ength (or the 
ſpace paſſed uniformly over) "is*BE or- BD. And in the ſame 


r wer another equal cyunder BC will flow out, and in 
third part of time, a dard, Er. Therefore the length of the 
has cylinder run out, will be proportional to che time, and 
conſequently the velocity of the Water at B is uniform. Loa 
fore in any time, the length of a cylinder of water ſpouti 
will be equal to the length deſcribed in that time, with the 
velocity acquired by falling through half DBB. 2 


Cor. 1. Hence in the time of falling through balf DB, a 
tity of the fluid runs out, equal to a cylinder whoſe ot js the bole; ; 
and length, the beight of the fluid above the bole. 


cu. The velocity in the bole B * We we is vg to 
4 a 53 _ 1 ” falling 2 half 1235 e 


6 Cor. | 


Bet. IX. n YPROSTATIC one 142 
5 Bail. "ie © 10 gel bog de, Sha. 
2 3-8 | Buy 4. ſmol Ae . che date la 2 + 
contratted-injo a leſs diameter, and its velocity increaſed 3 Joabat if 
| 2 ſpqut brougb a hole made in bin plate of metal, it ac- 
res @ velocity nearly: equal to. that,: which.-a heavy body acquires 
| 5 of Long whole, height of . fluid above the hole. 
es the fluid converges all ſides towards the cen- 
| the hole BF; and all the particles endeavouring to go on 
* A e one another at the hole, they will 
And this compreſſion being every where 
5 — 1 the ſpouting cylinder; the parts of the 
uid, will endeavour; to conv to a point, by which means 
the fluid will form itſelf, into a fort of a conical figure, at ſome 
diſtance from the hole as BEGF... By. this lateral compreſſion, 
the particles near the ſides of the hole are made to deſcribe 
curve 1 as HE, RKG and by the direct compreſſion, the 
fluid from the hole is accelerated outwards at EG and thus the 
ſtream will be contracted at E, in the ratio of about V to 1, 
and the velocity increaſed in the ſame ratio. 

It muſt be obſerved, however, that the particles of the fluid 
don't always move ri ight forward ; but near the edge of the 
hole, often in ſpiral Iines. For ao body can inſtantly change 
lin courſe in an 30 but! muſt do it nh in ſome curve 

Ge oy ** 8 a 


| | Ly 4 A AN. , 4 2d ; SIG a> N 


2 W wh 7 » 


Cor. 4 'The fluid af 1 „ br 15 ber out 88 PA the 
ſame ld, upwards, downwards, ſideways, or in any drreftion. 
ie fd if. i N ee, e u early to ; the upper ſurface of | 


cer. . BY babe of the uid, Honig out at different Hptbs, 


art as the eee roots of the depth. 
For the vel ocities of Kling bodics ary 38. the ſquare roots of 


MOOS: f In a {ND . 161/[3 2413 12 551 


Ce 6. Hence i = 16% frat, 924 of the "weſet e 20: the 
center of the bole, 2 area of the 1 in feet, ¶ time in 
ſeconds. Then the quan wantity of water running out in Thy fp t, by 
this i Prep, will be 1 "VAT feet, or 6. HAMA: ale gallons... 


, etch no OR 
There are foveral e in 3 fluids, ariſing 
from the reſiſtance of the air, the friction of the thbes, the big- 


nels 
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HYDROSTATIC, Hao, 7! 94? 
neſs and 2 of the veſſel, or of the hole, &c. A fluid ſpo 
fartheſt through au thin 5 f'®Þourth 8 
ef a plate, it will not 1 Sede 
and pardy becauſe che ſtream does not converge" (63 much, or 


ſmaller. A jet de uu Spours higher, M its Uirection be a 
6 the water in the 


vuppermoſt part of che jet, 2 upon the lower part and 


ſtops its motion. - We find by experience, a fluid never ſpouts 


to the full height of the water above che hole; but in nall 
| heights falls ſhort” of it, by Tpaces, hich are us the'ſquares of 


139. 


che heights' of the fluid. And all bodies 
fall ſnort of theſe projected in vacuo, by ces 
por nemo opt ey yah 3 
experiments, if the height of a reſervo a 
4 an inch ort; and the defect will be e 
the height of the reſervoir.” Co Ave (WAL UG 
POE r och Te | e 


G 


ected u — 4 
which are in 


3 jor A : | ” | 
* K 0 r. cmd. 1 0 


F 1 N 1 5 be 3 

the fide of a veſſel Full of water, E; the. quantity of water 

out of it, will be 5 the quantity flowing out of an equal 

orifice, placed at the whole depth gi, or at the baſe bi; in the 
fame * the 2 being ſuppoſea, to be always kept full. 


For draw the bola gob, whoſe axis is gi, and baſe. Bi, 
and ondinre 70 z_then ber ce the v 12 of th fluid at uy 
ace 7, is as , (by Cor, 5. o :) that is 
We nase en ele as the ordinate 70; W 11 
repreſent the quantity eee at the depth or ſection ru. 
Alle fo i will repreſent the cee d at the depth or 
baſe hi. Conſequently the Hin of all the an ra, or the 
23 of the parabola, will * the quantity diſcharged at 
1 And the ſum of all the lines bi or rn, EO 
the parallelogram fghi, will repreſent the quantity dif- 
charked by all the dong 71, placed as low as the baſe hi. 
But the a is to the __ ogram, as 3 to 1. 


"Se. IX, HYDROSTATICS, &. 


r. bs Lot —_ feet. D gl. the af the Ar. = 
e of the fit, fhig. Then the- quantify , ing out in am time 
or number of ſeconds t, is = 3 #F\/2Ds. 8 e07 

This follows from Cor. 6. of the laſt Prop. 


Cor. 2. The quantity of fluid diſcharged through the bole rb, 
u the quantity which would be diſcharged thmough- an equa! bole 
hg bi; r. robs, to. the reRangle 


"This appears from the OI in 9 
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De e of Fluids, ö PL "farcer phe? * 
upon bodies; 0 motion EN Jive," and hae: 
of their ſails. | 2191 


1 
4 


P RO . 


A body deſcending i in a fluid, adds 8 quantity of 3 to the fluid, 
equal to the reſiſtance it meets with i in falling. | 


For the reſiſtance is equal to the gravity loſt by the body. 
And becauſe action and re- action are equal and contrary, the 


ty loſt by the body, is equal to that gained by the fluid. 
Fredo the rehſtance is 3 to the gravity gained dy the 


Cor. 1. i oe 1 0 3 
. the fluid, n 6 500 FIFTY aoeets nit. | 


Cor. 2. This increaſe .of weight arifing from the reſiſtance, is 
over and above the additional weight mentioned in Cor. 15 Prop. 
LXXXV. | 


Cor. 3. If a beterogencons body deſcend i in a 4 faid; it will as. 
vour to move with its center of gravity HO, leaving the center 
of gravity of as much of the fluid, behind 


For the fide towards the center of ern contains more 


matter, and will more eaſil ods through the fluid; 
and be leſs retarded in it. 4 a 


PROP. 


_ x _ 51 AN er or PLUIDS. 


* b 
6 4 747 Fd; 
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FIG. 


an += the refitance it meets with, is a | 


Square of its velocity. 


For the reſiſtances, is as the number of particles ſtruck, and the 
2 with which one particle is ſtruck. But the number of 


particles of the fluid which are ſtruck in any time, is as the 


velocity of the body. Therefore the whole x ance is as the 
ſquare of the velocity. 


;Cor. 1. There 7 are 
as the ſquares of 5 diameters, the ſquares of their velocities, and 
the denſities of the fluids. | 
For the number of particles truck with the ſame velocity, are 

as the ſquares of the diameters, and the denſities of the fluids. 


Cor. 2. If two bodies A, B, with the ſame velocity meet _ | 


the refiftances p and q ; their velocities will be as Ip and A 
when they meet with equal reſiſtances. gh. 
For let h be the common velocity, then p: 45: : 5. I, and 


e ee 75 N 4 * 


velocity of B to have the om reſiſtance 9; therefore vel. 4 


vel. B: . 5 2 — 


PROP. Cl. 


7. be center of reſiſtance of any plane moving direBtly endl ina fait, 
\ % thn JU; 40: . f n "I 


| The center of reſiſtance. is that point, to which if a contrary 
force be applied, it ſhall juſt ſuſtain the reſiſtanc. 


Now the reſiſtance is equal upon all equal parts of the plane, 


AUSTEN the reſiſtance acts upon the plane, after the ſame 
x | U 


2 


140 


110. manner, and with the ſame forces as gravity does; therefore the 
center of both the reſiſtance and gravity muſt be the ſame. 


140. 


* 


RES] STAN CE or FLUI1 DS. 


Cor. 1. In any body moving through a fluid, the line of direfion | 


of its motion will paſs through the center of reſiſtance, and center of © 
5 gravity of the 350 | ; ada} Lago BE AO ON he 


For if it do not, the forces ariſing from the weight and reſiſt- 
ance, will not balance one another, which will cauſe the body to 


| librate or oſcillate in the fluid ; till by degrees the ſituation. of 


theſe two centers will fall into the line of their motion. ; 
Cor. 2. And for the ſame reaſon; if a globe, moving in a fluid, 
oſcillates or turns round its axis; that fide, which in oſcillating 
moves againſt the fluid, ſuffers a greater force or reſiſtance ; and 
therefore the body is driven from that part, and made to recede from 


that fide, and deflet3 to the other fide; and perhaps deſcribe a curve 


line in the fluid. - | 


j 


PROP: CE 


F a non-tenacious fluid, ſuch as the wind, &c. move againſt the ſail 


SA or an plane ſurface, in direfliou WS; it ſball urge it in a di- 
rection MA perpendicular to that ſurface, with a force, which is 
as the ſquare of the velocity, the ſquare of the fine of the angle of 
incidence, the magnitude of the ſail, and the denſity of the fluid.” 


Draw WA, AC perpendicular to $4. S; and the force of the 
fluid upon $4, is as the force of one particle, and the number 
of them falling on SA. T 


But (by Cor. 1. Prop. IX.) the force of one particle is as 5 „ 


velocity x S. incidence VSA, 


And the number of them (ſuppoſing the denſity to be ven) 
is as their velocity CA, or (ſuppoſing the fail SA given) * the 


velocity x S. WSA. | 


Therefore the force of the fluid upon the fail S, is as the 
ſquare of the velocity, and the ſquare: of the fine of VSA. 


Increaſe the denſity of the fluid, and the magnitude of the 
ſail, in any ratio; and it's evident the force of the fluid againſt 
the ſail, will be increaſed in the ſame ratio. | 


1 
4 Cor. 


ation ch fodder mea > 
Y e 


Sea. x, RRSISTANeR of FLUIDS. % 
Cor. 1. And if a thin body move in @ fluid at reſt z the ſame law "140. 


 bolds in reſpet7 of the reſiſtance it metts with, in the 9 88 perpen- 
5 CT to its ſurface. _ % 


Gm; Ve fuid with a gives n nove in A WS, 4. 141. 
gain the ſail A; its fore to move the ſail in any given direttion 
3B, is as ard ag of the S.IWSA x by the S. ASB. And if WSB 

I Dube whites pg 1 . Then 
N For et SD, to 84, SB. $Dis the | 
\ - Whole force acting at &, and SB the force in direction SB, and 1 6 
Sz is as S. DB ot ASB. And if ASB be the comp. of A. 1 
ee WSA is as S. twice WS4, by trigonometry. 


Cr. 3 . The force of a fluid in direflion WS, to move the ſail or 
body. 54 in the ſame direction MS; is (ceteris paribus) as the cube 
of the fine of incidence WSA. 


For then Vg will be one continued freight line. 


/ 


- 
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Cor. 4. But the force of à given ftream of a | fluid, againſt am 
ſail SA, to move it perpendicular to its furface, is ſimply as the S. 
angle of incidence: but to move it in the Gon direction with itſelf, as . 


the ſquare of the S. incidence: all things elſe remaining the ſame. 
This follows from Cor. 1. Prop. IX. and Cor. 2. of this. 


s HO. 13 


If the angle #/SB be given ; the fluid will have the greateſt | 
force poſſible againſt the ſail, to move it in direction Sg; when 
its. poſition is ſuch, that the ſine of the diff. of the angles 
WSA—ASB, may be 3 the ſine of the ſum SB. 


s Hol. n. 


ti the fivid de tenaciora it wil the body i the fame dire 140. 
tion with-itfelf, and with a force which is as the fine of inci- 
dence : or univerſally, as the —_ 3 the 1 the 
velocity, che magnitude of the and denfity flui 

For by reaſon of the tenacity of the fluid, the fail is ated on 
brd er W4, AS, which are equivalent to WS. 


6 er tcp: irik 


116. 


142. 


Ns, will be as the Tan. WSA X velocity of the fluid. 


143. 


RES 1s An Ty "NY : 


D PROP. cm. . 
7 2 tis a l op 84, POT; 28 


2 very denſe fluid, which moves in direction Mi; and the body can 


make little or no way thro' the fluid, but only in the direfion of 
its length SA. if the body be obliged to move parallel to itſelf 
in a given diretion SD. "Jay the body will be fo moved in the 


fluid, that its abſolute velocity will be = Loa > x "Rs of 


5 the fluid, 


Draw DT Catallat to AS, and 8 Ws: to 7. Then whit 
a part of the fluid moves from S to., the body will be moved 


Ache line TD; and ſince $D is the direction of its motion, the 


point & will be found in D. And therefore the velocities. of the 


fluid, and of the body, en that is, 


or Boa. to 8.87 D or WSA. 


Cor. 1. If Ws the direftion of the fluid, is 3 to. 8D 


the direfiion of the body ; then the A of we r. _ wil de 
tan. WSA x velocity of the fluid. 


SWS4  SWSA 5 
For = 8.45 e bee radius being = I. 


Cor. 2. And bence if the body 4. continually turn round an axis pa- 


rallel to WS ; then the velocity of SA in direttion perpendicalar to 


F or SA in this caſe, will always have the _ ie Polls to the 


direction of the fluid, as before. 


Cor. 3. Fa very thin body SA be obliged to move a to hal, 
through a very denſe fluid at ret; and if it be drawn with a given 
velocity in direction always parallel to SH. Ii abſolute velocity in 


the fluid, will be reciprocally as the coſ. WSA, and in direttion A. 


Draw. AC perpendicular to g. ' Then by reaſon. of le dr 
fity and reſiſtance of the fluid, the body will not be able to move 


laterally, but only in direction $4. - Bur the velocities, af the 
point in directions M, Sd. are as SC to $A, or as col. CSA to 
rad, Theres vel in Wing e Hat nie 
tion 9. 55 


PROP. 


* 


Seck. X. © RESISTANOE: or raids 
*; -- TW * „ wet $i 
28 * „ i + 43%% unt 1 | WE Wo 
1 2 5 


2 PROP. CIV. 1 

ane N SA, FTA at to fel, with! TO As 
Tag SD, be atted upon by a flurd moving with velocity and 
- GreBlionWS. And if WF be drawn parallel and equal 4 8D ; and 
F drawn. I ſay the fluid add ſou Ws in 27 157 2 
vid the relative velogity Fo. x 


3 
| 8 lest the a; ah las hi ind be 
at reſt, and the fluid r Do or F,; 
and then their relatixe motions will be the ſame as before: 


140 
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and the fluid will have the two motions , 22 in reſſ . | 


the body SA at reſt. Therefore (by Cor. 2. VII.) 
tion compounded out of theſe is FS; which i rhe ablolate ror 
tion of the fluid, ſuppdſing the body at reſt ; or the relative mo- 
tion of it, in reſpect of the ON Cohen on 
it NE. 1 5 
| FF fall ls iS hen the i ts . 1 
jbe 2 nd if it ff * 


fall on the contrary Ade Te EY then fluid 
atts on the contrary 2 of the body SA. | 1 


[| hs a * ww + \ 
= F 0 * * 8 4 +» Ln *. 
Js $434 4 h 285 0 H O0 Lag: N \ Ss BILLY o 8 * 5 : 5 


The Avid will ds furface” z irechon b. Wok 3 
greateſt force; when it has ſuch a poſſtion, that the ſine of the 
diff. of the angles, FSA— "DO, on be x the ſine of the angle 
FD. 

And when che * is given, che fluid will have the 
greateſt force upon n $A, to move it in direction . 0 


the 8. angle ASD is equal to 6X3 the 8. of WS4. 


4 


P RO P. C. 


Let SA be the fat bf a ſhip, SD the poſition of ber keel ; SK Dx 
perpendicular to SA, SB. nd if DE, DS be 4s. the 'ryfiſtances 
be ſhip bas abead and aut, with f len, and 2 


8 


* 
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* 


. DE Dx DE: DG = = DE x DK. 


146. 


G. 


DE;: DE* x SD x, DC* : : Ox DE; 


| ſquare of DSC, the leeway. 


een enn . 1 5 


ESisTANCE or FLutps. 4 
« men groperionl tem DE and DK then Sc wilt k the ; 
way of übe ſbip nearly. 3 * 


For let SK} e to $4 n of the wind . 
upon the fail " The force IK is nn} into the forces SD, DK; 
$D is the direct force, and DK the RESIN oducing her lee way. 
By Prop. C. her reſiſtance ahead with ty SD reſiſt. ahead 


with P. DE : : . DE., 
and it refiſt. ahead with vel. DE: ref. afide-with vel. DE:: DE: D, 


and ref. aſide widk wel DEs rel. aſide with vel DC: : DE* BC. 
"Ref. 3 head with vel. SB. = wich. vel DE: D- x 


them, terre 


$ 


1 e 


R: Nei e ee 
For ket rad, =. org, Then 1': D: DK = 


Hut the refiſtances are as the forces p 


Cone. 1. 7 = his 6 
with the ſame. velocity. T1 


xD; and SD: f , ib 


tan, DICE . * 


* * 5 *% „ _ ">" Ts 2 
N . rx ISL HK 
* — 


Cor. 2. * the Pager of the — in the ſame ſhip, is as 


the ſquare root of the cotangent of the angle ASD, which * fail 


makes with the keel. Therefore if the as for any Leb. 


2 


of * * 


SCHOL. 


/ 4 k 
7 1 2 


The ee generally v fonerbing 8 
aſſigned; becauſe her hull and rigging will make ber drive a lit- 
tle to leeward, directly n the wind. 


PROP. . 


F the ing with a given velocity, in direion WS, fal on the we | 
9 ſhip, making little or no leeway ; it will urge the ſhip in 
direction of the Es a force, which is as SISA XS.ASD. 


Draw | 


% 


CN * 4 RES19T AN en Bs FLUIDS, g gr 


© Draw SC perpendicular ip 8.4, and CDto 5D. And (by Prop. 144  _ | 


EII.) the force acting upon the ail in direction SC, is as the ſ _ Ns ' 
af the fine of WSA. But the forces in directions SC and $ | 9 
as SC to SD, or as radius 1 to the fine of CD or ASD. There. | 
fore the force in direction D = 00 X force'i in 58 SC 
n a 5 


Cor. 1. The force a in bb wenn, | 3 
75 as NA x coſ ASD.” 2 | | 


3 Ce-. as pri in direftion $D GW Auen ah as Y 146. 
: x 8. e the m__ ah the WY 2 the 2 and g „„ 
e the ſai ? 


Cor.. Cor..3. 'The 1 Re tbe ſoip i in Arcon SD, 4 4 as s. WS4 X 
Vu x velocity of the wind. 

For the ſquare the velocity of the ſhip in any direction, is 
as the reſiſtance in the water, or (its equal) the force of the wind 
upon the fail in that direction; that is (by Cor. 2.) as S.JPF4* 
x S.ASD, and the ſquare of the Tacky of thera. be vie 


_ denſity, and fail being given. 


Cor. 4. Kal e ke Grid nd if SDC be @ ſemi icircle 
deſcribed on any given line SC; then the force in any direttion SD of 


the keel, is as the cord SD; end the velocity as VD. 8 . 


Cr. . The velocity of the ſhip to windward, u, X 


eta. WSD:- 

For draw SP perpendicular to WS, and DG to SP, = the 
velocities in directions SD, GD are as SD to GD, or as radius 1 
to 8.D8G : therefore the velocity in GD = = $:DSG. x SSA x 
v/SA8D. 


« Cor. 6, 6, The force of the Jai 84 1% turn the fp abous, is 

as . x cof. A. 7 5 
This appears by Cor. x, e the fail Placed | in the head ; 
of the ſhip. - ot. 
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10. 


. If « fream of axy fluid „ e 


201 RES 15T AN cn. or el * 
pc 6g; kt org ao, 


4 


urfuce; its force againſt tbat plane, is the weight of a 
_ of. the fluid, whoſe laſs is tbe ſection of the fiream ;; and 
its length, twice the beight DA 96 a Falling "_ to ac- 


|  quire the velocity of the fluid... 


Let 5=16 4 feet, the height deſcended by « falling Tay in 


1 ſecond. 
o veloci 5 or the ſpace it deſcribes in one 


0 1 of the cylinder or column of water. © 
Then 25=velocity generated by * in falling FOI 


Therefore (by Cor. 1. Prop. XI 


eee is he cy 
And = = teice that height. Alſo a cylinder of 


1 — which the cylinder's weight will Sm. 
3 ſecond, is 2X > B; or vg the motion being as the 


body x by the velocity. And the force. of the fluid againſt the 
plane, is equal to the reſiſtance of the plane. And the motion 
deſtroyed in 1 ſecond by the reſiſtance Loy the plane, is vxBv or 
eg eee r 


ſame time VEE or deſtroy equal n motions. Therefore the 
. of che fuid againſt the 


plane. 


— 


Cor. 1. The force of a Jr of water againſt any plane, is equal 
to the weight of @ column of water, whoſe -baſe is the ſection of 


the ream, and height — ; or the height of the water, if it 


flow through 4 hole at the bottom of a reſervoir. 


Cor. 2. Moreover if any part of the water lie upon the 2s; 
the eg will be augmented by the weight of ſo much water.. 


- 
* 


Set. X. a RESISTANCE: o FLUI DS. 


| . Sg 5 - The erent : 
i; ae as 2 2 the 222 Ter- ri: 


Cor. 4. | If the plane be all in notion; e walacity of 


5 again} th . my be token nine of the e, 
wi 


* 


scho 


A foro un comin 6.19 ale gallon, and weighs - 
62 Elb. aver, 


* 
9 


If the 1 EDA revolve-about the PR CA, "ad autre 
an bemiſpbere; and from all the, points of its ſurface, as D, d, 
perpendiculars DB, db, be let fall upon the baſe EC. I. ſay the 


ſum of all the perpendiculars BD, in the ſurface EDA. is to the 
Jum of as many radii CD; as 1 to 2. er 


For take Dd infinitely ſmall, and compleat the ſquare Ss 
and draw CH, alſo draw DFGR, dfgr parallel to EC. By the 
pm triangles CDF, Dad; DFxDd= CDyend; alſo BD=CF 


he ſurface of the ſpherical annulus DafF i is 3. 1416 x 2DF 
d or 3.1416 * 2CD x nd, that is (becauſe 3.1416xc2CD is 
given) as ad or H. And the fonv of all a:8D7 inthe aunulue 
is as BD x by its ſurface, that is as B DH, or FHF. There- 
fore the ſum of all the BD's in the annulus is expreſſed by the 
area, FfgG. And for the ſame reaſon, the ſum of as many 
radii, by FfrR. Therefore the ſum of all the BD's in the 
hemiſphere : is to the ſum of as many radii :: as the ſum of 
all the Zee: to the ſum of all the: FFFR 2 that is as the tri- 
ant to the ſquare CAfl N, or as 1 n 
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ae e uniformly forward, 1 Ws of it wks" hs 
4 fluid of the ſame denſity; it meets with a refiſtance, to 
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147. 


148. 


the force which can generate its motion, in | the time it ſcribes | 


twice ita . 


3 Let 
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Let 4B be the cylinder moving from A towards E, and take 


* FBCG equal to ASBF. And let us firſt ſuppoſe that : 
der AB, whilſt it moves forward 


| | '# La againſt. the ſeveral 
parts of the fluid, and drives them fucceſſively before it, in di- 
reQion,.of its axis, from the ſeveral plates through which it 

aſſes. So that in equal times it moves equal quantities of the 

uid, and communicates to them the ſame velocity that it 
moves with. It is evident that the cylinder, after it has moved 
uniformly forward, the length of its axis, has removed the cy- 
linder of the flaid-FBCG equal to itſelf ASBF, and has com- 
municated a motion to it, equal to its own. And fince action 
and re- action are equal, the force that uniformly rated this 


motion, is equal to the uniform reſiſtance the cyſinder ſuffered 


147. 
148. 


force by which its own motion can be generated, in the time 
All this is true upon ſuppoſition that every particle of the 
fluid is driven directly forward, with the ſame velocity the cy- 
linder has. But ſince in reality, the motion generated in * 
fluid is not directly forward, but (by Prop. L. ) be 
on all ſides, and in all manner af directions CD, Ca, Ce. 
Therefore if the quadrant AE be divided into an infinite num- 
ber of equal parts, Dd, and to all the points D, d, the radii 
CD, Cd, c. be drawn, repreſenting the motions of the par- 
ticles in all directions; and from any one D, the . DB be 
drawn on EC. Then the motion CD (= CA) ws ed into 
the two motions CB, BD; of which CB does not affect the cy- 
linder; and the direct motion of the particle D is only BD, 
which is leſs than CD. Therefore the force to generate this 
motion, and conſequently the reſiſtance of a particle at D (equal 
to this force) muſt be leſs than before in proportion of CD to 
BD. Therefore the former reſiſtance, when all the particles 
are driven directly forward; to the reſiſtance when they diverge 
on all ſides; is as the ſum of all the rad CD, drawn to eve 
point of the ſurface of a ſphere, to the ſum of all the 8 
ponding ſines BD; that is (by the Lem.) as 2 to 1. There- 
fore the reſiſtance the cylinder meets with now, is but half the 
former reſiſtance. Conſequently, ſinee the force to generate 
any motion is reciprocally as the time; the reſiſtance will be 


equal to the foroe that can generate ita motion, in. the time that 
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hg a and with the velocity acquired by falling in vacus, 

from a. are. ee 10 is are i meets with # Tefſance equal 
. 

For the force that generates its motion, in the time of its | 
moving twice i leg gy mein once its 28 | 
N gravity. * . 1 90 88 AY . $91 © 83 „ 


| 5 4 
Wy gt h. by 2 — 15 ; 1 
is the deg of the Serta OY Ihe fade, 
For if the 1 5 che fluid be increaſed i as o, the 
reſiſtance will be increaſed in the fame sg. 


T* 


Cor. 3. The reſiſtance of rg n. is 


to the weight of a cylinder of 575 the ſame baſe, and its 


length equal to the 1 e ta, #eguire it Wh 4 
city. . By « Cor. ee CIT ry ON AIR nal 981 og 1 | 1 


Cor. Let $=16 rs feet, B the 
i pace 2 7 1 250 of 


4p 


"Then 1 1 wn is = 


bn . ae e 70 kritik o L 21 a 
7400. „T- £4- LS WC Y, 20 74.40 al Sf ko 

8 Cc H'O . 5 1-5 
offs n l de Ua de üb: * ant E ae a edis. 
Ae ede wwe in Ahe meide m 4 Gem Mtend 8 4 
of the abſolute velocity, the relative velocity in the fluid muſt vj 


be taken, in order to nd the reſiſtance. And beſides, if the 

veſſel be narrow, the reſiſtance will be increaſed” more or leſs, 

becauſe the fluid, being confined by the veſſel, cannot then 

_— in all See And if it be ſo confined, that it can- 1 

not dixe but is obliged to move .diredly- forward! 3 

the . vill be double; prone is the greateſt it can | 

poſſibly have, or. Tg gage Ber 1 5c0 .- Alſo. by - 4 
comparing laſt Cor. with" Cor. 1. I. it 

chat the force of a cylinder of water a plane, is double 

the reſiſtance an equal cylinder would meet with, moving in 

water with the omg dodge 7 1 
hen we conſider, that in che firſk caſd the whole motion of f 

the water is deſtroyed by the reſiſtance of the plane; but in the 7 

latter caſe, the water ON 8 wy from the moving cy- | 'Y 

I n of int Cow 298 + PE | 1 


16 RESISTANCE 55 FUUIDs 
Fis. 2 and does not partake of its direct motion. But if 
148. the water was not ſuffered to diverge, but was driven directl 
forward with the motion of tlie cylinder; the reſiſtance wo 
ew! be- doubled; and cheſs ono caſes would e 
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147. Ft bbs ba ADE RR 6s the ob CA, and generate 
an hemiſphere ;, and on every point B of the haſe, perpendiculars 
. BD be drawn.” 'T ſay the fum o all te BD* 0610 bf bs to 
| te jam of 0) many CDs, as 1 5% gi 


. At OI "> N A; 


Let CD=r, CB, BD=y, rel 1416; z chen 26% = OF" 
 cinferince of BC. Then, 
The ſum of all the ry en of all che ne une BY 
is as 2CxXrT © tO 2‚ 3 T8 © &. ”\ 
And ſum of all the : ſum of all the 5y, in the } 
is as ſum Nx BY um Ix X Bb, on the 5 


187. SA 


Or Or as th Pl of 1 —— rraxBb—ſam wxBB, wk 
33 


+ But the ſum of all the Bös TA TAT 2 wr NK 1 
5 Arr. 
+ And ſum of all the rr BAN, putting Bb=21.” — 
T- Alſo the ſum af all the Wh un Su 
. 1 1 3 
F e Ante inction 
| hemiſphere is @ #74 r. ber, Or an 0 i, that 38 a5'2 w 1 
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— 4 globe nove uniformly Ne in a compreſſed ee full 

#ts reſiſtance, is to the" force by which its whole mation may be 

| deftroyed or generated, in the time of deſcribing 1 parts of its dia- 
meter; as the nds nd to the 


"ow = 1 l 


4 eee in the W tg e 
* DF, and |BD@ parallel to C4, Envy 0 


* 


1 See Wards Math. Guide, Part v. . 
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GD) be the force of à particle of the fluid againſt the baſe B, 7110. 


in direction GD: then GH will be the force acting againſt D, 
in direction DC. this force is to the force in direction 
GD as De to DB. Whence che force againſt B, is to the 
force againſt D, in direction G D; in a ratio compounded of 


D to GH, and DC to DB; that is as DC* to DB*. There · 


fore the force of all the particles of the'fluid, againſt the baſe, 
is to their. force — 9 ſurface; a8 che ſum of all 
the DC., to the ſum of all the DB* on the baſe ; that is (by 
f the Lem.) as 2 to 1. Therefore the reſiſtance of the ſurface 
3 » is but half che refitaner af the baſe, or of 2 cy- 
linder che ou . N 
Now is to circumſcribing cylinder as 2 to J; 
and Half 1 force (which can deſtroy all the motion 3; 
cylinder, whilſt it deſcribes 2 djameters) il deſtroy all its mo- 
tion, whilſt it deſcribes 4 diameters. And therefore the ſame 
— that deſtroys the cylinder's motion, in the time of moving 
4 diameters, will deſtroy the globe s motion whilſt it moves + 
bong „or z of its own, diameter. But (by Cor. 2. 
) half the reſiſtance of the cylinder, chat is the 
3 the globe, is to this force; as the denſity of the 
Wi eee ee 8 


pl, The but the 
2 8 f 1 212. of 4 er, is but bal f ae of « 4 


Cr. 2. The 2 a abe n is . 
the weight. of a cylinder of that fluid, of the ſame diameter 3 and its 
length equal to balf the 2 through which. a body falls. in vacuo, 
to acquire the velocity of the globe. By Cor. 3. Prop. CVIII. 
Therefore if $=16 rs feet, v velocity of a globe, or the ſpace 
it moves in 1 ſecond, \D= its diameter: then its reſiſtance is equal 
ta-the "weight of a cylinder of the fluid, of the ſame diameter D, and 


its length Ra PSS Was its ng Aura 
he eight of an qual lb of the lid. Abi. | 


Cor. 3. The greateſt velocity a lobe can . 5 Aena a in 
a fluid, is that which it would acquire by falling in vacuo, through 
ſpace that is to the diameter; as the difference between the 


12 70 the globe and the denft of the find is 40 the du of 


For let G, F be the denſities of the globe and the fluid; D 
the diameter of the globe. en ney» dee Weener 
cylinder 


149. 


158 | 


30 1G. 
149. 


as ts TANOEL6: Ln ps.“ e 
W e Therefore che weight of che 
3 a cylinder of the fluid, whole length is 3'D 


©” "And (by Prop. LEXXY.) he weight of the globe | 


. the fig i = weight ofa cpinder of ue fluid, whoſe lng 


18 is 3 D — But (by Cor. 2.) the reſiſtance of the globe 
moving with the velocity acquired by falling in yacuo, through 


the height f D x i weight of a cylinder of the fd 


G—F 


whoſe length is 4 D . Therefore. the weight of the 


 _ globe in the fluid is equal to the reſiſtance : eee 


And ie. * for any 8 


it cannot accelerate the 1 


"nd bene of w = 46) i = Do, the mln # ag 1d | 
weight of the globe in the'} id. 3 ws 


Cor. 4. Two equal and We W Sond in a n 
W will, in times that are reciprocally as 217 velocities, 
deſeribe al ſpaces , ; and loſe a 3 part of their motions.” Ku = 
For the motion loſt," in de two very ſmall 
ſpaces, is. 1 e reſiſtance and time; that is (becauſe the ſpace 


is given) as the ſquare of the velocity dj y and the vel 


inverſely; char is directly as the velocity. And ſo in Kd. 
ing any ſpaces, the totion loſt will always be as the firſt mo- 
tion; and the time feciprocally as the firſt velocity. 

Cor. 5. Two bomogeneous globes, moving with equal ane in 


a fluid; boſe equal velocities in Hun ſpaces propertiona #0 mw 


diameters. 
For the velocity loſt wwe; by deſcribing two final ſpices 


Proportional to the diameters z will be as the reſiſtance and time 


directly, and the body inverſely v that is (becauſe the reſiſtance 
is as the ſquare of the diameter, and the time as the diameter), 
as the cube of the diameter directly, and the cube of the dia- 


meter inverſely : therefore the cos loſt is equal -in both. 
* ren. 


SCHOL.- n chu, 
| The reſiſtance of fuids is ef three: kinds.” 2 


cobeflon of the of the parts of the 2 which is the force by which 


the particles of the fluid ſtick t er, and cauſes them not to 


ſeparate eaſily; and this is the e fora velocities.” 2. Frie- 


F tion 


. 
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tion ot attrition, where the parts of the fluid do nor ſlide freely . r1 6, 


by one another; and this is as the velocity. 3. The denſity or 
E fp 4 to be removed; and this is as the ſ of 

oeity. The two former kinds are very ſmall in all fluids, 
except viſcid and glutinous ones; and upon this account the 
foregoing theory 7 only the laſt kind. And therefore 


the refiftance there deſcribed is the very leaſt the 88 | 


ſibly meer with. But fince all fluids have ſome ſmall 

friction and tenacity, they will increaſe the refiftance à little. 
Alfo when the velocity is very great; the compreſſion of the 
fluid ought to be fo too, to cauſe the fluid to return with equa! 
eaſe behind the moving body; and when this does not happen, 
the reſiſtance is i d upon that account. For a fluid yield- 
ing to a projectile, does not recede ad infinitum; but with a 
circular motion, comes round to the places which the 
leaves. Likewiſe when bodies move in a ant fluid near 


the ſurface; the fluid cannot dilate itſelf upwards, to give - 


way to the moving body; and this will conſiderably increaſe 
the reſiſtance. Alſo if a body moves in a fluid incloſed in a 


veſſel ; the relative velocity of the body in the fluid muſt be 


eſteemed its true velocity. But the reſiſtance it meets with will 
be increaſed, becauſe the fluid has not liberty to diverge every 
way. And the ftraiter the veſſel, the more is. the reſiſtance 
increaſed ; and it may by this means be increaſed till it be near 
double ; beyond which it cannot go. For all that a body can 
do is to drive the fluid wholly before it, without any diverging. 
So that the leaſt reſiſtance a can have is the ſame as is 
laid down in Cor, 2. of the laſt Prop. and the greateſt can never 
exceed the double of itz fo that it wilt always be between theſe 
limits. If the fluid in which the body moves be elaſtic- and 
ſpring from the body; the reſiſtance will be greater than if it 
was non-elaſtic. But theſe irregularities are not conſidered in 
the foregoing theory. 0}=_- 55 4+ 
There are ſome bodies that may be reckoned in a middle 
ſtate between ſolids and fluids. And in ſome of theſe the tena- 
city and friction is ſo great, as in many caſes far to exceed the 


reſiſtance ariſing from their denſity only. For example, it 


appears by experiments, that if a hard body be ſuſpended at 
ſeveral heights, and be let fall upon any ſoft ſubſtance, fuch 
as tallow, ſoft clay, wax, ſnow, Sc. it will make pits or im- 


preſſions, which are as the heights fallen, that is as the ſquares . 


of the velocities. ' Likewiſe nails give way to a hammer in a 


ratio which is as the ſquare of the velocity. Comparing this 


with Schol. Prop. XIV. It appears that in theſe caſes, the 
* 


* 


— 


XR ESIS TAN CE or FLUI DS. 
acſiſtance is the ſame for all velocities :. which argues. a very. 
great de of tenacity. Again, bodies project * 

mixt with ſtones; the impreſſions are found to be between the. 
ſimple and duplicate ratio of the velocities. Therefore in this 
caſe, the reſiſtance is in a leſs ratio than the ſimple ratio of the. 
velocity: and therefore theſe ſort of bodies have both friction 
and tenacity. And in different ſorts of bodies, there is great 
difference and variety in their nature and conſtitution. 

Tenacity may be compared to the force of gravity, which is 
always the ſame; with this difference, that tenacity acts always 
contrary to the motion of the body, and when the body is at 
reſt, it is nothing. Attrition may be compared to the motion 
of a body ſtriking always a given number of particles of matter 

in a given time, with any velocity : and therefore the re- 
_ fiſtance of ſuch a body will be as the velocity. 
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PROP. cx. 


— one body to another, or from one place 


fo another. 


/ bento acabad of command mo- 
tion from one thing A to another B, is by a rope or a leaver 
AB, reaching between the two places, or things. 

RE Ae od Ones 
to T a or endleſs rope going 
once or oftner about them: or if you will, by a chain. Ther 


the rope lüp nor make knots on it, and channels in the wheels, | 


if neceſſary. 


3. Motion "is communicated from one wheel ABC, to ano- 


ther DEF; by the teeth in the two. wheels working together. 


Or thus, where the axis of 4 gs ge one revo- 
on 


lution of it anſwers to the moti only one tooth in B. 
4. Motion is communicated from one place to another, by 
one or more beams or leavers, MB, BC, CE, EF, FH, &c. 
moveable about the centers 4; B, C, D, E, FE, G; of Which 
A, D, G, Ge. are fixt. Here if the point, M be moved, the 
point # will: be moved; for MB, BC. "CE, &c. all move one 
another to the laſt, FH. 
5. Motion may alſo be communicated from 4 to B, by a 
— _ a e rang with der . 0s 6 We 
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» help of one e (> ode amber, other i 5 


we 
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* 2 * 4 


Ab, Ae eee ee NE voi 
_  ving thewtkeet ABC-uniformily,. which carries it. Alfo & uni- 
262 =—_ motion js produced in heels moving by cords, as AB, 


2 o being moved * N moves s the, other alſo 
5 formly. e 


156. 2. The wheel BF may be made'to e our the 
Center C, by the motion of the. He BD; On che baſe F with 
"the generating circle BD, deſcribe the epicyeloidal tooth BE. 

Then the* Polt of the wheed A5 untormly about the 
center A, and paſſing over chS doth BE; will move the wheel 
BF uniformly, about C. 3 the eng rooch tooth AB ought to 
de made creo u tht end; E, of che tooth 
BE, Eu Or elſt die plane of he 
/ wheel BD muſt he raiſed above the plane B and « tooth 
made at B | vp Fthewhicl, 
as AG, co eateh che too B cl 
257: "ak The leaver AB: may — — Gower 
er 4 uniform or aceelerarsd motion, afecr this":rrianner, Ber 
AE be a wheel whoſe axis is parallel to the leaver, - atid 
abeve it. Take any arch Ng, and divide tits any number of 

| "= ql pur vs 2, 37 Go: through/ which from center O, 

| draw Ou, C, Ot, Ou; e e 55 ; at Ge welpe. 

- tively o_ WY, 2 3, 4 equal And trough the | 


V a, s, Ge . draw the curve Nabed: — 
made of ſolid wood; and fixed to che wheel:; the wheel Se- 
g turned uniformly about, in the order EM the part NF | 
give à uniform motion to the leaver 4B, abo the center 
1 C. And you may fl 8 e e eee 
I the wheel as you will. * len . 
Again, inthe Wetk D. Hun, 12% ebe 
| ad 76, 26, 35 4d, Ge. be taken chin to 1 4, , 16 Or. 
equal parts and the curve Aabed be drawn, and the tooth form- 
Then the leaver will be moved with a uniformly accelerate 
cd motion. MET 7 (pre 
The accelerated motion is p for lifting a given wei 
at the end B, as a hammer; or e by a chai 
2 * | 
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m. 1 PRODUCING > MOTTO N. 


e Hl, H 
— = te th 
give a uniform motion to the De 
Make the curves EFE all la's, equal and equi-diſtant 
whoſe vertices are at E; and their baſes meet at E, and theſe 
will make the leaver riſe and fall with an accelerated motion. 
Such parabolic teeth as theſe may be placad on a wheel, whoſe 
axis is perpendicular to the horizon. 
5. One wheel may move * with an geg motion 
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45 Hr 


| roar ag MY whoſe axe e 
perpendicular to one mother. Thus che Girezion AB is 
A e working in the 
4. The direction may be changed, by Gade 
inclined in any given nge to be moved by rs ha 
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by help. of 2 7 
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ens n os in IN. 


110. Hheel 4 Here the Ki oor here they work; e 


lel to the plane of the A; or perpendicular to the coggs: 


164. The e oy be . . E n 0 B. 
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PROP. cin. 
ge ny motion, e in make if ufs. 


1 eie, 41 13% 
315 Any motion! in made uniform, by che help fs pendulum 
AB, ſuſpended at A and vibrating. As the 3 vi 


it cauſes CDE to vibrate alſo, about the axis DE. The wei 


carries the wheel R, and R moves LF. + Now- whilſt 1 


pendulum vibrates towards M, n tooth of the Wheel G? 
off che pallat I, and another catches: the: pallat H; and whe 


the pendulum returns towards N, it draws the pallat ¶ off the 
tooth, and another catches the pallat I and ſo on alternately. 
So that at every Vibration of che pendulum, inen n 


one or other of the? palats, - Aft Tiw 21 


166. 


FG; Wee, e dicular to E, and to u; 


2. A uniform motion is effected by the — a CP, #ibrave | 
in the arch NM about the center of motion C. As the pen- 
d um vibrates, it cauſes the piece ADE to vibrate along with it 


about the axis of motion DE. By this motion the leaf a catches 


hold of a tooth of the horizontal wheel GF, in its going; 
and the leaf þ of another tooth, in qeturni A wheel with a 


weight 1 oy applied to the pinion L, to keep the pendulum goin 
| S PP P q Fake Pe going. 


A pendulum: may alſo. be for the ſame pur- 
poſe. FG is a thick wheel, or rather a double wheel, whoſe | 
axis:is: parallel to the horizon. a, pendulum. vibrating up- 
on 85 axis DE, which is parallel to the planes of the wheel 


1, 1 1 
pins in the rim G; 2, 2, 2 pins in the rim F. Theſe pins 


are in the planes 1 but not o cir- 


Nr bue Incliged-3n an angls ut 45 degrees, and 

ins in one end are. the { paces in the other 3 ab is pa- 
hoe to the axis of the wheel FG, 4 neither in the ſame hori- 
zontal or perpendicular plane; but almoſt the radius of the 
wheel: below, and ſomething more forward. Whilſt the pendu- 


lum P vibrates in the arch MN, about the axis DE. the wi 


catches hold of a tooth in the nd F; and when it ona. he 


"PRE one held of wach in the end. Thus N 5 


* - Aa 8 
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Sect. XI. RE GUL'A TING. oF MOTION. 165 
ing alternately the my a, b, the ulum * G. 
— ay help " weight H. ow prod * 10 
ſteady motion is continued by 3 the E 16 
when ABC, to the machine: or the croſs bar DE loaded wi 
two equal weights, at N and E. Or à cylinder of ſome heavy 
matter may be applied; being made to fevolve about its axis. ; 
By 7 5 the force of the power, which would be loſt, is kept in N 
and is equally diſtributed in all parts of the revolution. | 
S e fs of ren ui n foch monty with une- 
75 force at different times, or in different parts of a 
or by its weight it conſtantly goes on at the ſame 
makes the motion uniform, and every Where 
5 its . a little variation of force will not ſenkbly alter its 
and its ing. If the the reſiſtance of the air will hinder 


ie Fm. les the machine ns its motion, it 
K bed it forwar 5 if in tends dee faſt, 0 will keep 
Ke arty 16 222 Rid i Poli 27 eit! 
"Every ſuch regulating wheel ou ught to be fixed upon that axis, 
i the motion is Wifteſt. Aa. t to be the heavier, 
the flower i it is deſigned, to mays 4 hter, the ſwifter 
the motion is. And in all caſes 5 of motion muſt be 


in the center of gravity of the wheel. And the-. axis may be 

placed parallel to the horizon, as well as perpendicular to it. 
If Go edn be arge, and the axis of the heavy wheel 

be be i rizon ; the heavy wheel may be 

to roll 7 1 ground, round. that axis; by putting the 

wheel upon, another.. EY fixed in the; former at right an- 

gles to it; and thus the weight is taken off the firſt axis. 0 

two 7 An Need may be applied on oppoſite ſides. 881 

may be moderated by a fly AB, move- 170. 
. 94 NCD, This is made ↄf thin metal; at s is a 

rg go keep, the axis.and fly retty {ti together; T his bridles 

the rapidity of the motion 1 the machine, to which it is ap- 

pled by Fad of its great reſiſtance in the air ; and therefore 
hinders the motion from accelerating. beyond a certain degree. 

This ſort of fly 1 is uſed in clocks, and is ſo uſeful in any 1 motion 

that requires to ſtop, or move a contrary way. 


None of theſe regulating wheels or flies, add any new w power b 
to Ye machine; but rather retard the motion by their üg 
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As ee een ſeveral ſrts of EY, 
ef pecially aboard of ſhips ; SET SY 
— them together: ore Iſhall here e © | 
x ro Sho, or math ohh re them, PS. 

appear in, when are ed For the 
method of tying them'is' beſt learned "from thoſe chat can te 
them already. GAR GTG} If HOLME 


191, 1. A thimb knot. This is the ſfimpleſt of all; and is Pled 
FT . A0 13 


uſed by taylors at che end of their thread: [70 vl 
172. 2. A loop knot. This is uſed to join pieces of roply together. 
173. 3. tray knot, is the fare as the Halt 3 only one (orboth) 4 

'* theends returns che ame way back, as Pri Frans 

| a the part had comes through, and the lots look 
174. 4. A ring tot. This ferves alſo to join peice "Tas oak 
175. 5." Another knot for tying ropes rogeher. 'T 

| uſe of when any rope is often to be Tooſed. 
206, - 266 ara pen knot, to draw any he c 


the end 4 rv e Be Yo 55 1 e 
cd is tus ar $67 a beam, S. op wag 


177. Another knot, to co 4 d, hers be F. 
G e 22 | 15 w r 


178. 8. A very ſmall knot. There is aGtuifb Live make {ike end 
OY of each piece; and the end of che other is to go through it. Thus 


the rope 4c runs th the loop d, and id thro 1 A 
then by al = he oP 


rawn cloſe and Jö tt the ends e, be dra 
2 — 7 My 


179. fe A fiſhes knot, eats In not. This i the fre as the 
y the ends are to de the aug, Je 
in that was but once; an 
180. 10. A maſhing knot for nets; Ad cb de ken ts" 825 


181. 6, EPO” PIGS e n This muſt 
bein det. wes. TH 


194. 12.-4 bowline knot. When this is drawn cloſe, i makes 


a loop that will not flip, as fig. R. This ſerves to hitch 
_ any thing. 


193. A wale knot is made with the three ſtrands of a rope, 
bo: t it cannot ſlip. When . put through a 
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In any compounded machine, if the Shiver and weight, keep the ma- 
chine and all its parts, in equilibrio. Then the potger is to the 
weight, in the compound ratio of the power to the r in * 

Jimple machine, of which the whole is compoſed. © 1 

For let the compound machine be divided into all its ſim 
mechanic powers; and in the firſt let the power be to the weight 
as A to B. Then conſidering the weight B in the firſt, as the 
power in the ſecond, to which it is equal (by Ax. 3.) let that 

power in the ſecond machine, be to the weight as B to C. 

Then ex equo, the firſt power A is to the ſecond weight C; in 

. the compound ratio of A to B and B to C. In like manner, if 


the weight in the ſecond be taken for the power in the third, 


and this power be to the weight as Cto D; then the firſt power 


A is to the laſt weight D, in the compound ratio of 4 to B, B 
to C, and C to Dz and ſo bu d the whole. 


Cor. In any ee compoſed i wobeels; the power is to the 
weight; in the compound ratio of the diameter of the the axel where 
the weight is applied, to the diameter of that where power- is 
applied; and the number of teeth in the pinion of each axis, begin- 
ning at the power," to-the number of teeth in each wheel they work 
in, till you come at the weight. 


Or, {ſees of the teeth, you ay take their diameters. 
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Cor. 1. Hence it follows, that of any weight is meved by belp of 
a machine; what is gained in power is loſt in time. 


Four in whatever proportion the er is leſs than the weight 
in the ue proportion a wall he lg be fer than the power 


00 1 Hence, tho mation. of de evelght bs net at all increaſed 
by ang engine, or mechanics] inftrument ; only the velocity of the 


weight is o mu diminiſhed. thereby ;- that the quantity. of motion 


of the weight, may not exceed the quantity of motion of the power. 
Aud therefaxe it bs a Dain fa any one #0 think that be can 


power; ee er 


— 

gained ds powey hu loſt by the velo- 
2 a pound with a — 
tle by the hep of ary machine whatever, tha 
pres pounds Karree velocity. 
r a machine, be m rajle 2 poun 
ty; or even 1000 pounds B e 
. es 4 ＋ omtroy — quantity of 
p | i moved, than 
pound: the . ns dig prop ionally flower. 
The power and uſe of machines eon in this, bs 


their means the velocity of the wei hr may be. diminiſhed at | 
| Pleaſure, ſo chat a dd we af bs moved with a given 


power; ar that with 2 given force any given reſiſtance may de 

RE Mechanic inſtruments being == —_ = 
one mmunicgtes tion to not 

figned a a motion that! had no before. 
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of free? , to movn f her bly by help of « machine, cw. 
produce no greater tity of motion in that body, than if ot 5 
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| Cor. 3. Hence alſo it is plain, that @ given power or 4g 


0 05 


force was immediately apphy d o dhe boch ile. Nor no quite 
much, by reaſon F the friction and efiſtante" f ube engine. And if 
the power be given, you may c<uſe whether you 0 Move 4 greuter 
weight with a leſs velocity, or a leſs weight with a greater velo- 
city. But to do both, is utterly-repugnant 40 the eternal laws of 
nature. i GL NG 00s LDL UE TOR IIS 7 PHD) DOES F 
5 CCC 
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If any machine CD, is io be moved by the belp of leavers, wheels, 
Sc. And if the power that moves it, atts intirely within the 

machine, and exerts its force againſt ſome external object B. Then 
| the force apply'd within, to move the machine, will. be juſt the 


< $53, 
ys 


. ſame as if the machine was at ret, and the object B wal to be 


moved: ſuppoſing B to be. as.eafily moved as tbe macbhint. 


For ſuppale firſt, the leaver AFB to be fixt, and to make a 
part of the machine; and let the external force acting at B, 
which is capable to move the machine, be 1. Now ſu 


| ſuppoſe 
the leaver AFB, moveable about F; and a force apply'd at A, 


ſo as to act at B, with the force 1. Then the action 
and re- action at being the ſame as before; tis plain the ma- 


chine will be moved as before, But the force now acting at A, 


is A. ve, Juſt de fumes if the point F vas bn, and 3 


was to be moved. And if more leavers, or any number of 


wheels be added, the thing will {till be the ſane. 
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Let the abſolute force to move the machine be 1, and the 


| force acting at A be f; and let us firſt conſider it as acting out 


of the machine. Then B being fixt, is the fulcrum ; therefore 
the force aging a E is f xf. Now if the daun force be 
conſidered in the machine, it will not be urged forward with 
all this force, for the re · action will be equal to /, the power at 
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_ Gr. 1: Hoe if the ies dee fene, W 
ur machine, be the mucbine is to — by an in- 


terual power: r power ze found, by ſuppoſing the machine 
ar ret, and the external 8 5 was ee and to re- 


Lure the fame abſolute force to move it. 


For it is the ſame thing, as to the power, whether the: ma- 
chine, or hw-external obje be thoved, whilſt the other is at ret 


r. 2. F the power ating within the machine, be not commu- 
vicated 10 ſome external objes, it will bave no force at all to move 


the machine. And am force that otra Free 


does nothing at all to move it. 
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The e hitherto laid down, ſuppoſe all bodies per- 
fectly ſmooth, / that they ſlide over one Aether without any 


friction, and moye freely without any reſiſtance. But ſince there 


is n ſuch thing as perfect in bodies 3 "therefore in 


_ rubbing againſt one another, they meet with more or leſs friction, 


according to their roughneſs';- and in —_ in any medium, 
will be feſiſted according to che denſity of the medium. Even 


ropes'going over pulleys cannot be bended without ſome force. 


Among machines, ſome have a great deal more friction than 
others, and ſome very little. | Thus à pendulum has little or 
uot o friction, but what ariſes from the reſiſtanee of the air. But 

4 2 2 8 a e 
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110. 1 arena a great 


Y 
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monts made upon particular bodies: ach tae 


_ diy and eaſier than iron in dry weather. Bytiwefi-flides' sa- 
ſier chan wood in wet weather! Lead cakes 4 great deal of 


. moving en or lead, 3 the w 
Metals of the —— * than — 


' "FRICTION U EN OHNE 
deal of friction. For upon 


loaded cart requires the ſtrength'of Neveral a ory wy 
4 and all or moſt of this force is "owing de — 5 


All compounded machines have a Feat deal ga AS i 


ſo much the more as they conſiſt of mote parks, Kat 
one another. And there is great variety in ſeveral ſorts of bo- 


dies, as to the qu triction they have, and even in the 
ſame bodies — — we . account | 


ſtan 
I 
uch . rules, as have 


Jome r under n 

udgment and experience of the artiſt 
a — wi metals When „ rates Wr 
the ſame friction. And che ſmobchar they are, the deſs frictiom 


they have. Vet metals may be ſo far poliſhed. a5. "bd \inorcale 
friction by the coheſion of their parts gags an 


Wood flides\eafier upon the ground in wet Weben chen in 


refiftance. Iron or ſteel running in braſt, makes the leaſt fries 
tion of any. In wood acting dgainſt wood, greaſe thakes the 


motion twice as bafy, of rathet f gaßder. Whogl m a 


or tarr'd, go 4 times iſe than when wet. 


Metals oiled make the friction lefs than when poliſhed, and 
twice as little-as when unpoliſhed. 


In general, the ofter or ner the bodies, the greater is 
their friction. 


2. As to park RAY 2 cubic) piece of ſoft wood of eight 


pound weight, moving upon a ſmooth. of ſoft wood, at 


the rate of three feet per ſecond s its friction is about + the 
es ot it. Bux if it be rough, the friction is little leſs than 


Upon the ſame-1i cio, other fol: wood pen ft ook 
my Growth the {ri6ti is about + the. weight. 


Soft wood upon hard, or hard upon ſoft, pA 5 3 
| Hard 300d an han wood 3 67 {the wag 
- [Poliſhed ſteel moving on ſteel or the eight: 
— 


The friction, ceteris paribus, increaſes with the weight, al- 
Moſt in the ſame proportion. The friction is alſo greater with 
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4. The ange of a plane moving, th 2 flvid, is as 


the ſquare of the velocity: and (putting v=velocity in feet, in 
te rs of be cn "a column. of the ld, ; 


whoſe bake is the plane, OT © And in globe it 


"ind wc 


* dee alf ſo mu 2 ns, 
he friction, & wid. 11 — a ale ue the | 


velocity and bh a5 n eg 5 

ful, ae a 16 > relpe& Bae panting * | . 
ones; ocally 

555 Fair diameters. 1 * * quantity of 5 —— 


in tubes, is but 2 Hs except che e enge 
1 tube. v 


But a pi 10100 into — ones, h num- 
ber 8 F it nl ge ariſing Bar ggeas dete 

as Vn. For the area of the Laion of. any one pipe, will be 
N being us the circumference, wilt be as 


Dr and therefore the Fridtion ne aan will be 5 
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fom if von the, power will be 3 | 

rn on the nh >of @/ machine, b 


on on the axis, is as the weight upon it, the diameter f 
axis, and the . This forr of frieion is byr 
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ſingle pulley. i it 1 1 $ not increaſed b by the accelerilon of 
rhe weight „but remains Nr s the ſame: 
 ectlon of the 2 is very conſiderable, when * 
ae. againſt che pf ocks' and by et the W 
and -— 
The friction on the axis of the pulley i is as the weight W, 
its angular velocity, the diameter of the axis direQly ; and the 
diameter of the pole y inverſely. A power of 100 Ib. with the 
addition of 50 Ib. will But draw up 500 Ib. with a tackle of ;. 
3.1 15 Ib. over a ſingle pulley W W only 14 1b. 
In the ſcrew, there is a great © al of iction. Thoſe 
with ſharp threads have more friction than thoſe with ſquare 
threads. And endleſs ſcrews have more than either. Screws 


with a ſquare thread raiſe a weight with tene, than thoſe 
with a ſharp thread. 


In the common ſcrew, the friction is ſo great, that it will fuf- 


tain the weight in any poſition given, when the power is taken 
off. And therefore the friction is at leaft equal to the power. 


From whence it will follow, that in the ſcrew, 
The power muſt be to the weight or reſiſtance ;. at leuſt as 


| toi the perpendicular height of a thread, to the circumference 


2 


| deſcribed by one revolution of the power ; if it be able 8 
- raiſe the weight, or only ſuſtain it. This friction of the ſcrew 


is of great ſe,” as it ferves to keep the weight in any given 


T 121 | 
poſition. 11 


10. In the üg the friction is at leaſt equal to the power, 
* retains any poſition it is driven into. Therefore in the 


ge, 
The power, muſt; be to the weight; at leaſt as twice. the 


| baſe to the height; to overcome any reſiſtance. 


11. To find the friction of any engine, begin at Gepe 
and conſider the velocity and the weight at the firſt ru 
part; and eſtimate its quantity of friction, by ſome of the oe 

ing articles. Then proceed to the nent 9 Port, ar 

o the ſame for it. And fo on throug 9 

And note, ſomething more is to be ade for fot wet e of 
meren, by every new addition to che Power“ ö 


T 
0 ws © * = - 
17 4 8 . 


Cor. Aides will pes the difficulty or rails mpoſitiliy of 4 


1 N or Juch a motion 48 is to continue the ſame for- 


ever, 


\ 


| Sec. XII. FRICTION: or ENGINES; ' 


For ſuch a motion as this ought continually to return undi- 
miniſhed, notwithſtanding any reſiſtance it meets with, which 
is impoſſible. For although any body once put into motion, 
and moving freely without any reſiſtance, or any external re- 
tarding force acting upon it, would for ever retain that motion. 
Yet in fact we are certain, that no body or machine can move 
at all, without ſome of friction and reſiſtance. And 
therefore it muſt follow, from the reſiſtance of the medium, 
and the friction of the parts of the machine upon one another, 
its motion will gradually decay, till at laſt all the motion is de- 
ſtroyed, and the machine is at reſt. Nor can this be otherwiſe, 
except ſome new active force, equal to all its reſiſtance, adds a 
new motion to it. But that cannot be from the body or 
machine itſelf; for then the body would move itſelf, or be the 
cauſe of its own motion, which is abſurd. 


14 


' PROP. CXIX. 


To contrive a proper machine that ſhall move a given weight with a 
- | given power ; or with a given quantity of force, ſhall overcome 
am other given reſiſtance.” Oo ET OO 
If the given power is not able to overcome the given reſiſt- 
ance, when directly applied, that is, when the power applied is 
leſs than the weight or reſiſtance given; then the thing is to be 
performed by the help of a — made with leavers, wheels, 
Pullies, ſcrews, &c. So adjuſted, that when the weight and pow- 
er are put in motion on the machine; the velocity of the power 
may be at leaſt ſo much greater than that of the weight; as 
the weight and friction of the machine taken together, is great- 
er than the power. For on this principle depends the mecha- 
niſm or contrivance of mechanical engines, uſed to draw or raiſe 
heavy bodies, or overcome any other force. The whole deſign 
of theſe being to give ſuch a velocity to the power in reſpect of 
the weight; as that the momentum of the power, may exceed 
the momentum of the weight. For if machines are ſo contri- 
ved, that the velocities of the agent and reſiſtant, are recipro- 


cally as their forces; the agent will juſt ſuſtain the reſiſtant : but 


with a greater degree of velocity will overcome it. So moe 
* AWE £ , | e 
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ene er ar legt as-long as the materials will la, that compoſe the 110. 
machine FP 24-3323 Fl | 955 $200 WE 1 7 | | 
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6. the enceſe of velocity in che power is ſo , to overeome 
2 all chat refiſtance which commonly ariſes m the fen or ar. 
trition of contiguous badied, : as chey ſlide by one andther, or 
from the coheſion of bodies chat are. ta be N 
the weights of bodies to he cniſed. The ex of cho libs. 
maining, after all theſe reſiſtances are overcome  : 8 
an acceleration of motion proportional thereto, as in the 
parts of the machine, as in the reſiſting body. Ne how a ma- 
Ef | chine may be contrived to perform this to the eee 
f | vi appr rm the following rl. org 3 
I. Having aſſign proportion 1 weight 
\toberaied? the next hin is to 9 ry, 
eys, Oc. ſo at working together ey may be ab = 
TS the the power, which ſhall be to that of the v | 
1 ater than in the proportion of the weight — 
1 | _—— you mult eſtimate your quan — {6 friction, 
„ | . be latf Prop. and if the velocity of the power, to that of 
BY the weight, ſtill in a greater proportion, than the weight and fric- 
tion taken together, is to the power ; then your machine will 
be able to raiſe the weight. And note, this proportion muſt 
| | 5 ſo much e. as you would have your engine work 
| 1 5 —— 
WM | 2. But the , el do gener and] wa t, 
—- mn 1 HO ins. ar For in e i 
| 5 a machne too much power, as well as too little. For i 


power can raiſe the weight, and overcome the reſiſtance, — 
the engine perform its proper effect in a convenient time, 
and works well; it is ſufficient for the end propoſed. And it is 
in vain to make more additions; to the engine, to increaſe the 
power any further: for that would not only be a neetileſs ex- 
- pence, but the engine would loſe time in working. 
+ Az tothe power «pplied to work. thoangine, inmey be der : 
A firing power, as men, horſes, &c. or an artificial power, as 
2 uns, Sc. or « "natural power, 2s wiad. water, fie, 


ts, > | 
hen the tity of the wer is known; it matters not 
. ia hen e of the por ls For the ſame 
9 2 tity of any ſort will p the ſame effect. And 
ſorts of powers, may lied in an equal quantity; v'grea 
variety of ways. 


The moſt eaſy power applied to a machine is weight, if irbe 
capable of efſacting che thing deſigned. If not, then wind, wa- 
ter, Ge. nen e and without much 


expence. 8 
5 | 5 Ans 


"* 24 7 7 P 
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Sed. XII. INVENTION or MACHNES. 
A ſpring is alſo 4 convenient movi 

chines; but it never acts equally as a wei 
when much bent, than when but a little 


t does; but is ſtronger 
bent, and that in 
eee of the:diftance it h forced to. 
3 — by often bending, or remaining long 
bent; yet they recover part ſtrength by lying unbent. | 
The natural powers, wind 
valt ad r of great 
with ſkill and judgment. The due * of theſe has much 
abridged the labours of men; for there is ſcarce any labour 
to be performed, but an ingenious artificer can tell how to ap- 
apy. eee is deſign, and anſwer his purpoſe. 
For any conſtant motion being given, it may by a due appli- 
cation, be made to produce any other motions we — 
Therefore theſe 
greateſt benefit to mankind. Beſides, they coſt nothi 


„ nor 
require any repetition or ing, like a weight or a ſpring, 
which require to be wound up. theſe cannot be lacs 'or 
cannot 


e our end; we have recourſe to ſome living power, 
as men, horſes, &c.. - ; 

4. Men may apply their 
machine. A man of ordinary ſtrength turning a roller by the 
handle, can act for a whole day againſt a reſiſtance equal to 3olb. 
weight; and if he works 10 hours in a day, he will raiſe a 


— 


weight of 30 lb. 3+ feet in a ſecond ;; or if the weight be 
ion. But a 


greater, he will raiſe it ſo: much leſs in 


man may act, for a ſmall time, againſt a reſiſtance of gro lb. or 
more. . 55 | | 


If two men work at 2 windleſs, or eller: they can more eaſily 


and water, may be applied with 
engines, when managed 


powers are the moſt eaſy and uſeful, and of the 


th ſeveral ways, in working a 


power for ſeveral ma- x 


draw up 7olb. than one man can 3olb. provided the elbow of 


one of the handles, be at right angles to that of the other. And 
with a fly, or heavy wheel applied to it; a man may do + part 


more work; and for a little while act with a force, or over- 


come a continual reſiſtance of 80 Ib. and work a whole day when 


* were — * — s, will carry, ſome 150 lb 
en to ing, ſuch as rs, will carry, ſome 1 30 lb. 
others 200 or 250 Ib. according to their ſtrength. 9 
A man can draw but about 70 or 801b. horizontally ; for he 
can but apply about half his weight. 

If the weight of a man be 140 lb. he can act with no. greater 


a force in 


than 27 lv. 


men. A horſe will carry 240 N 270 
R 1 * 


As to horſes. A horſe is generally ſpeaking, as ſtrong as 5 
e 


. ©... a 


thruſting horizontally, at the height of his ſhoulders, | 


177 


16. 
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A horſe drawso greateſt advantage, when the line wa a 
tion is a little elevated above the horizon, and the power acts 
againſt bis breaſt. And can draw 200 1b. for eight hours in a 


day at 25 miles an hour. If he draw 2 4olb. he can work but 


ſix hours, and not go quite ſo faſt. And in both caſes, if he 
carries ſome weight, he will draw better than if he carried 
none. And this is the weight a horſe is ſuppoſed to be able to 
draw over a pulley out of a well. In a cart, a horſe may draw 


1000 lb. 


The: maſt-fare . whes he drove ſive 
thing above a horizontal poſition.” 1 


The worſt way of applying the ſtrength of a horſe, is ro make 
him carry or draw bam» And three men in a ſteep 


ing each 100 lb. will climb up faſter 488 15 
Though a horſe may draw in a round walk of 18 — 


| ter; yet ſuch a walk Hosid not be lefs"than 25 or 30 feet dia 


meter. 
5 Every machine ought to be made of as few parts, and 


thoſe as ſimple as poſſible, to anſwer” its purpoſe ; not only 


becauſe the ce of making and repairing will be leſs ; but it 
will alſo be l leb liab iable to any — And 'tis needleſs to do 
a thing with many, which may be done with fewer parts. | 
6. If a weight is to be raiſed but à very little way, the leaver 
is the moſt ſimple, eaſy, and ready machine. Or if the weight 
be very great, the common ſcrew is moſt proper. But if the 


weight is to be raiſed a great way, the wheel and axle is a proper 


power, and blocks and pullies are eaſier ſtill; and the ſame may 
be done by help of the perpetual ſcrew. 

Great wheels to be wrought by men or cattle, are of moſt uſe 
and convenience, when their axles are perpendicular to the hori- 


4 woe 9! ae if by water, &c. then*tis beſt to have their axles hori- 
on 


7* As to the combination of ſimple machines together,” to 
make a compound one. Though the leaver when'fimple, cannot 
raiſe a weight to any great height; and in this caſe is of little 
ſervice ; yet it is of great uſe when compounded with others. 


Thus the ſpokes of à great wheel are all leavers perpetually act- 


ing. Anda beam fixed to the axis to draw the wheel about by 
men or horſes, is a leaver. The leaver alſo may be combined 


with the ſcrew, but not conveniently with pullies or 2 the 
wedge 


The wheel and axle is combined _ | 
with pullies. The ſcrew. is not well combin ith Mara ; 


but the perpetual ſcrew combined with the wheel, is 1 ſer- 


TIE The wedge cannot 0 . with any other me- | 


- chanical 


SAY * 9 
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chanical power and it only performs its effect hy pereuſſion ; 71G. 
orce of 


but this percuſſion may be increaſed by engines. 

. combined with pullies, i ee with 
wheels. Therefore if any ſingle wheel could be too large, and 
take up too much room; it may be divided into two or three 
more wheels and trundles, or wheels and pinions, as in clock - 
ſe ; ſo as to have the fame power, and perform the fame 
In wheels with teeth, the number of teeth that play toge- - 
ther in two wheels, ought to be prime to each other, that the 
ſame teeth may not meet at every revolution. For when diffe- 
rent teeth meet, they by degrees wear themſelves into a proper 


Therefore they ſhould be contrived, that the ſame teeth 
meet as ſeldom. as poſſible. © | 


8. The ſtrength of every 
made 2 to the ſt 
Every 


of the machine ought to de 
it is eo bear. And therefore let 
v ver be made ſo much ſtronger, as its length and the 
weight it is to ſupport is greater. And let its ſtrength dimi- + 
niſh proportionally from the fulcrum, or point where the greateſt 
ſtreſs is, to each end. The axles of wheels and pullies muſt be 
ſo much ſtronger, as they are to bear greater weight. The teeth 
of wheels, the wheels themſelves, which act with greater 
' force, muſt be proportionally ftronger. And in any combina- 

tion of wheels and axles, make their ſtrength diminiſh gradually 
from the weight to the power, ſo that the ftre of every 
part be reciprocally as the velocity it has. The ſtrength of ropes 
muſt be according to their tenfion, and that is as the ſquares of 
their diameters, (ſee the end of Sect. VIII.) And in general 
whatever parts a machine is compoſed of, the ftrength of every 
particular part of it muſt be adjuſted to the ſtreſs upon it, ac- 
cording to Sect. VIII. Therefore in ſquare beams the cubes 
of the diameters muſt be made proportional to the ftreſs they 
bear. And let no part ee aer er than is neceſſary for 
the ſtreſs upon it: not only te err and well-going of the 
machine, but for the diminiſhing the friction. For all ſuperflu- 
ous matter in any part of it, is nothing but a dead weight upon 
the machine, — Eos for nothing, but to clog its motion. 
And he is by no means a perfect mechanic, that does not on- 

ly adjuſt the to the ſtreſs; but alſo contrive all the 

to laſt equally well, that the whole machine may fail together. 
9. To avoid friction as much as poſſible, the machine ought 
not to have any unneceſſary motions, or uſeleſs parts; for a 
multiplicity of parts, by their weight and motion, increaſe the 
friction. The diameters of the wheels and pullies ought to be 
„ A4 2 | large, 
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r 1 C. large, and the diameters of the arbors or ſpindles they run on, 

2 as can be conſiſtent with their reren "AN ropes 

and-cords muſt be as pliable as poſſible, and for that end are 

rubbed with tar or greaſe; the teeth of wheels muſt be made to 

fit and fill up the opens; and cut in the form of epicycloids. 

All the axles, where the motion is, and all teeth where they 

work, and all _ that in working rub upon one another, 

muſt be made ſmooth : and when the machine goes, muſt be 

oiled or greaſed. If a joint is to go pretty ſtiff and ſteady, rub 

a4 a little greaſe upon it. 5 e 

183. The axis @ of a wheel, may have its friction diminiſhed, by 

| cauſing it to run on two rollers B, C, turning round with it, 
1 upon two centers. pe £20 | | | 

184. Likewiſe inſtead of the teeth of wheels, one may place little 

wheels as A, B, m— upon an axis in its center. And this 
will take away almoſt all the friction of the teeth. And in lan- 

terns or trundles, the rounds may be made to turn about, in- 

ſtead of being fixe. b | 
In all machines with wheels, the axes or ſpindles ought not 

to ſhake, which they will do, if they be too ſhort. And their 

ends ought juſt to fill their holes. | 

When the teeth of a wheel are much worn away, it makes 

that wheel move irregularly about, increaſes the friction, and 

requires more force; and may cauſe the teeth of two wheels to 

8 run foul upon one another, and ſtop their motion, and endan- 

N ger breaking the teeth. To prevent this, proper care ſhould be 
taken to dreſs the teeth, and keep them to their proper figure. 

| 10. When any motion is to be long continued; ive 

the power to move or act always one way, if it can be done. 

For this is better and eaſier performed than when the motion is 

interrupted, and the power is forced to move firſt one way, and 

then another. Becauſe every new change of motion requires a 

new additional force to effect it. Beſides, a body in motion 

cannot ſuddenly receive a contrary motion, without great vio- 


lence. And the moving any part of the machine contrary ways 


by turns, with ſudden jerks, tends only to ſhake the machine to 
Pieces. $5 EE fy 67 | 
11. In a machine that moves always one way, endeavour 
to have the motion uniform. Some methods of doing this may: 
be ſeen in Prop. CXIII. and if one uniform motion be required 
to produce a motion either uniform or accelerated, fome light 
may be had from Prop. CXI. Likewiſe how to communicate 
motion, conſult Prop. CX. And to change the direction, ſee 
Prop. CXII. i n N 


\ 


12. But 
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is to be ſuddenly communicated to a body, or ſuddenly ſtopt: 
to prevent any damage or violence to the engine, by a ſudden 
jolt; let the force e ſome ſpring; or beam of wood, 
which may ſupply the place of a ſpring. | 
13. In regard to the ſize of the . let it be made as 
large as it can, conveniently. The 4 the machine, the 
exacter it will work, and perform all its motions the better. 
For there will always be ſome errors in the making, as well as 
in the materials; and conſequently in the working of the ma- 


chine. The reſiſtance of the medium in ſome machines has a 


ſenſible effect. But all theſe mechanical errors bear a leſs pro- 

rtion to the motion of the machine, in great machines than 
in little ones; being nearly reciprocally as their diameters; ſup- 
poſing they are made of the ſame matter, and with the ſame 
accuracy, and are equally well finiſned. Therefore in a ſmall 


machine they are more ſenſible; but in a great one, almoſt 


vaniſh. Therefore great machines, will anſwer better than 


ſmaller, in all reſpects, except in ſtrength ; for the greater the 


machine the - weaker it is, and leſs able to reſiſt any violence. 


14. For engines that go by water, it is neceſſary to meaſure 
the velocity and force of the water. To get the velocity, drop 


in pieces of ſticks, &c. and obſerve how far they are carry'd 


in a ſecond, or any given time. 


But if it flow through a hole in a reſervoir or ſtanding re- 


con of water. The velocity will be found from the depth 
of the hole 


below the ſurface ; by Cor. 2. Prop. XCVIL And 


its force by Cor. 1. Prop. CVII. | 
Thus let g= 16 +x feet, v=velocity of the fluid per ſecond. 
5 = the area of the hole. H = height of the water; all in 
feet. Then the velocity vn; and its force the weight 
of the quantity 2 B or HB of water, or = Gg, HB hun- 


112 


dred weight: becauſe a cubic foot is = 62 f Ib. averd. Alſo 


a hogſhead is about 8 x feet, or 531 1b. and a ton is 4 a 


When you have but a ſmall quantity of water, you muſt 
contrive it to fall as high as you can, to have the greater velo- 
city, and conſequently more force upon the engine. 
136. If water 1s to be r through pipes to a great diſ- 


tance, and the deſceng, be but ſmall; ſo much larger pipes muſt 
be uſed, becauſe the water will come ſlow. And theſe pipes 


ought not to be made ſtraiter in ſome places than others; je | 


| 1. 
12. But when the nature of the thing requires that a motion x 10. 
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210, the quantity of water conveyed through them, depends upon 
the , 5 1 4 


192. 


bigneſs of the bore at the ſtraiteſt place. FT | 
Pipes of conduct coming directly from an engine, ſhould be 
made of iron, with flanches at the ends to ſcrew them Ir, 


with lead between; or elſe of wood; for lead pipes 


out at every ſtroke of the engine and burſt. But pipes next a 
jet muſt be lead. Pipes ſhould not turn off at an angle, but 
gradually in a curve: pipes of elm vill laſt 20 or 30 years in 
the ground. But they muſt be laid ſo cps that the froſt ma 

not reach them; or elſe the water muſt be let out; otherwi 


the froſt will ſplit them. 


The thickneſs of any pipe muſt be as the diameter of the 
bore, and alſo as the depth from the ſpring. For a lead pipe 
of 6 inches bore, and 60 or 70 feet high, Sai be 
half an inch. And in wooden pipes 2 inches. 

Water ſhould not be driven through pipes faſter then 4 feet 
per ſecond, by reaſon of the friftion of the tubes. Nor ſhould 
it be much wire-drawn, that is, ſqueez d through ſmaller pipes; 
for that creates a reſiſtance, as the water-way is leſs in narrow 

ipes. | 
x 2 in pump work, where water is convey d th pipes 
to higher places, the bores of the pipes ſhould not be made 
too ſtrait upwards ; for the ſtraiter they are near the top, the 
leſs water will be diſcharged. Nor ſhould the pipe that brings 
the water into the pump be too ſtrait, for Ce cons reaſon. 
The wider theſe are, the eaſier the pump works. 

When pipes are wind-bound, that is when air is lodged in 
them that the water can hardly paſs : it muſt be diſc 
thus. Going from the ſpring till you come to the firſt” riſing 
of the ground; dig it open till the pipe be laid bare, then 
with a nail driven into it, at the higheſt part, or rather a little 
beyond, make a hole in the top. And all the air will blow 
out at the hole, and when the water comes, batter the 
hole again. Do the ſame at every eminence, 'and all 5 air 
will be diſcharged. If the water runs faſt through the pipes, 


- the air will be beyond the eminence ; but ſtopping the water, 


the air will aſcend to the higheſt part. If air be driven in at 
firſt, along with the water; the nail hole muſt be left open; 


or a cock placed there to open occaſionally. Sometimes a {mall 


teaden pipe is placed over the other, communicating with it in 
ene places, in which is a cock atap to open upon oc- 
ion. | pe FI — 
16. When any work is to be performed by a water wheel 
moved by the water running under it, and ſtriking the paddles 


3 1 2 
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or laddle boards. The channel it moves in ought to be ſome- 1 6, 
thing wider than the hole of the adjutage, fo cloſe to the 192, 


foats on every ſide, as to let little or no water paſs; and when 

the w to open a little that the water may ſpread. It 
18 of no advantage to have a great number of floats or paddles, 
for theſe paſt the perpendicular are reſiſted by the water, 


and thoſe before it are ſtruck obliquely. The greateſt effect 


that ſuch a wheel can perform, m communicating any motion, 


is when the paddles of the wheel move with J the velocity of 


the water; in which caſe, the force upon the paddles is 3 only; 
N pred the abſolute force of the water againſt the paddles, 

when the wheel ſtands ſtill, to be 1. So that the utmoſt mo- 
tion which the wheel can generate, is but + of that which the 
force of the water againſt the paddles at reſt, would produce. 

TD is when the wheel is at o beſt ; but oftentimes far leſs 
is done. 

Machines to raiſe water, though well made, ſeldom loſe leſs 
than 3 the computed quantity of water to be raiſed. The beſt 
contrived engine is ſcarce x part better than the worſt contrived 
engine, when they are equally well executed. 

A man with the beſt water engine cannot raiſe above one 
| hogſhead of water in a minute, 10 feet high, to work all day. 
17. When a weight is to be raiſed with a given corporeal 


power, by means of the Wheel and axle; ſo that the weight 
may receive the greateſt motion e in a given time. The 
the 


radius of the wheel and axle, an weight to be raiſed, ought 
to be fo adjuſted, that the radius of the axle (EF) : may be 


to the radius of the wheel (AB) : : as 5 the power (): to 


hs weight to be raiſed (V): or, which Goes to the _ 

ing, the velocity gained by the power in deſcending, mu 

oy the velocity which . would be gained by gravity, in the 
e time. | 


This only holds good, when the power is a heavy body, as 


well as the weight : but does not take place, when the power 
is ſome immaterial active force, ſuch as that of an elaſtic me- 
dium, the ſtrength of a ſpring, &c. whoſe weight is inconſi- 
derable. f 1 

18. Theſe principles alſo are very uſeful, and neceſſary to be 


known, where water works are concerned. 


The preſſure of the atmoſphere upon a ſquare inch, is 14.7 16. 


averd. at a mediums ; 
The weight of a column of water, equal to the weight of 
the atmoſphere, is 11 4 yards; | a 
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A cubic foot of water weighs 62 4b, averd. a - 
6, 128 ale gallons, 


Er na ep: ka dt 


. 10.2 b. 72 ae 18 
A tun of water meaſure, weighs 1.1 lun aver; at 3 
lons the hogſhead. gal 


A cylinder of water a yard high, and 4 inches diameter, 
contains en eee n eee, 
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The ö deſcription of compound machines or engities, 
and the method F computing their powers or 
forces: with ſome account of the advantages 


and diſadvantages of their conſtruction. 


3 


Ems 


| PROP. cxx. 
To deſcribe feveral ſorts of engines, and to compute their forces or. 


fed. 


There are two things required to make a good mechanic or 
engineer. The firſt is a good invention for contriving all the 
parts of a machine, to perform its motions and effects in the 
moſt ſimple and eaſy manner. The next is, to be able to com- 
pute the power or force of it ; to know whether it can really 
perform the effe& expected from it or not. The foundation of 
both theſe has been already laid down in this book. What 
ſeems to be neceſſary farther, is to give ſome examples in prac- 
tice, by ſhewing the conſtruction: of ſeveral mechanic engines, 
and computing their powers. As there is great {kill and ſega- 
city in contriving fit and proper ways to perform any motion, 

ſo this is principally to be attained by practice, and a thorough 
acquaintance with machines of ſeveral kinds. I ſhall there- 
fore give the mechanical conſtruction of ſeveral forts of ma- 
chines, made for ſeveral different purpoſes, which will aſſiſt 
the reader's invention, and give him fome idea how he may, 
proceed in contriving a machine for any end propoſed. Of 
which I ſhall only give a ſhort explanation of the principal, 
parts, not troubling the reader with any. deſcription. of their 
minuter parts, nor how they are joined together, or ſtrength- 
ened, Sc. It is ſufficient here to ſhew the diſpoſition, and na- 
ture of the principal parts: the reſt belongs to carpenters, 
Joiners, ſmiths, c. and is eaſily underſtood E any one. 3 
1 B b 0 
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DESCRIPTION or Pf 


8 5 To compute their Powers. 


os 8 


. 8 to ſimple machines, they are eaſily accounted for, and 
their forces computed, by the Properties of the mechanic powers. 
2. For compound machines; ſuppoſe any, machine divided 
into all the Gmple ones that _—— it. Then begin at the 
power and call it 1; and by the proper i mechanic 
powers, find the force with which the firſt ſim le machine acts 
upon the ſecond, in numbers. Then call this 1, and find 
| S in numbers. And putting 
this force 1, find the force acting on the fourth, in numbers; 
and ſo on to the laſt. Then müdüph) all thefe numbers toge- 
ther, the product will give the force of the machine, ſuppo 
the firſt power 1. 
3. When pulleys are concerned in the machine ; all the 
of the ſame running rope, that go and return about ſeveral 
pulleys, freely and without interruption, muſt be all numbered 
alike for the force. And if any rope act againſt ſeveral others, 
it muſt be numbered with the ſum of all theſe, it acts againſt. 
4. In a combination of wheels; take the product of the 
We of teeth in all the wheels chat act upon and drive others, 
for the power; and the product of the teeth in all the wheels 


moved by them, for the weight. Or inſtead of the teeth take 
the Mameters, | 
Or thus, 


-—- * - 
N % 


When a machine is in motion, if you Lhe 
of the weight, and that of the power, in numbers; then the 
firſt number to the ſecond, gives the proportion of the power 


to the Mc. 
Orberwiſe thus, 


In wheel work, "TO are always two wheels fixt upon one 
axis; or elſe one wheel; and a pinion, trundle, or barrel, which 
ſupphes the place of a wheel. Of theſe two, call that wheel 
the leader, which i is acted on by the power, or by ſome other 
. wheel; 4 the other, on the ſame axis, call the fo/lower, which 

drives ſome other forward. Then having either the number of 
teeth, or the diameter, of each. Take 3 * of all the 
| leaders, for the weight ; and the produtt of all the followers, for 


the power. Here the leader recaves the motion, and me 
lower gives it. 


: 18 N 5. And 
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pinchers, ue, may be referred to the leaver of che 
4 A bendſpike and crow are leavers of the firſt kind. 
Knives fixt at one end, to cut wood, bread, Sc. arc leavers of 
the ſecond kind. The bones in animals, alſo tongs, are leavers | 
of the third kind. R 


Ex. I. 
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| A windy and  cphan in e nr os. : 
. TR N Cary may be referred to the wheel and 

„„ 

5 Kt , 
| All ab tack and inſtruments with, = fer Pe an cut, 
cleave, flit, 8 pierce, bore, Sc. as Fnives, batchets, lers : 
jonny Ace Nr RO eo 
g = 187. 
Pe. B 2. hy bel. o the fu — z this be referred 
to the leaver Ne en or force at 4, to that of B:- | . 
is 1 40 8 oi un mc 1 y | 
Ex. VI. | ' g 
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AB ia n 1 han the brachia 4. ibaa), 188. 
— 4m the two. ſcales D, E 3 3 


one right ine. 2. That the brachia or arms be exact of 
n 3. That they 3 
| 2 | 3 ong 


188 
F 1 8. 
188. 
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long as poſſible with conveniency. 4. That there Be as Iittle 
friction as poſſible in the motion g. That the center of gravity 
of the beam be in, or but very little below, the centet of mo- 
tion. 6. That they be in equilibrio when — e 
If one brachium A be longer than the other CB, then the 
weight in the ſcale E muſt be greater than that in D, to make 
an equilibrium. And then you will: have a deceitful balance, 
which being empty, or loaded with unequal weights, ſhall re- 
main in equilibrio. For A: CB '; weight 5 : weight in 
D; by the property of the leaver. nu Wanging the weights 


% 


oy 


from one ſcale. to the other, will diſcover" the deceit; for the 
+ balance will be no longer in equilibrio. aff E 0 e 


; 
T jg 5 F * 
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The fteelyard AB is nothing but a leaver whoſe fulcrum is C, 


the center of motion. „If t e weight P, placed at D redi 


the beam 4B to an equilibrium. And there be taken xhe equal 


diviſions D 1, 1 2, 2 3» 3 25 Se. then the weight 2 placed 
C, 


ſucceſſively at 1, 2, 3, 4, will equi-ponderate with weights 
as V, ſuſpended at B, which are alſo as the numbers 1 


eee F e, = » 2 3 
+ Cc. . e 8 Moreover if the diviſions DI; I 2, 2 3, 


to P, 22, 35, Sc. that u 0 I, 2, 3 pounds, Fc. if P is 
Yi 2 5 


2 1 0 2 2 

5. That it move eaſily and freely on its center Cc. 
+ | 5 * 3 6 © — 8 8 8 4 6+, 4% N 7＋ 4 . * 5 247 
4 4 ES. COR 2 * iI 0 4 W215 1 5 : 


Sc. be each CB. Then. if P be ſucceſſively placed at 1, 2, 
3, Sc. the weight to balance it, will be reſpectively equal 


pound. 


that is PDXP=CBWW. And CB: PD: : univer- 


fſäally. Whence, if DP or Di CBR, then W=P. If Dp or 


D2=2CB, then W=2P,. Ce. But if CB be greater than Di, 

1 2, "fa then will the conſtant” weight P be greater than V, 

2W, &c. f | 

The properties neceſſary for a ſteelyard to have, are theſe. 
1. That the fixt weight P being placed at D, where the di- 


viſions begin, ſhall make the beam in equilibrio 


2. That the diviſions D 1, 1 2, 2 3, Cc. be equal to one 


another. f 


3. That CB may be of any length, provided the weight P 
be rightly adjuſted to it: viz. ſo that Ch: DI: : P: 1 pound, 
if V be pounds. Or CB: DI:: P: ſtone, if be ſtones. 

4. That the beam be ſtreight, and the upper edge in a line 


Many 


n 
r 
r 


For by the property of the leaver CP x P+CDxP=CBxV, 
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2 | Reelyards. are likewiſe, g duated on the under fide; 1 1 0. 
may 15 uſed 18 HY, drags upſide down. Generally 1 4 
. "fide is for ſmall and the other for great ones. 
And each ue ee 7 the forego forego dier N all the 
croo hanging at it (except the movea one or We 
; tle * to the Kane of the bem. | 2 


5 4 Ex. VIII. 


1. 40 be a FA 155 ; CE, FG are WEN moveable about, 189. 


the points D, E, F, G appl the hand at C. S the 
— or weight. "H the 2 TE 


If CD S5, DE =2, FG =6, GH , FR=1, FH=4. 
Then in the leaver CE, D is the fulcrum. Call the power at 
C, 13 then che force at E or F is J. And in the leaver FG, 
whoſe fulcrum is G; if wy POR at F be 1, the force at R 
is F, therefore the power at C, to the weight $; is as 1 to + 
xXx or 3. . Alſo the : weight of the ſtone at R, to the preſſure 
at H, as 2 to 5, or 1 to f. And the power at C is to the 
preſſure, . as 1 to 3 X 1 O 7 4. 


Ex N. 


Tet EG be a PO wheel. Diameter of the rim EF=18. 191. 
Diameter of the twill 46 2 2. Diameter of the whorle CD=3. 
EabF the band going about the twill. | Eed the band going 
about the whorle. Defoe whilſt the rim makes 1 revolu- 
tion, the twill makes , and the whorle and feathers 6. There- 
fore there are 3 revolutions of the twill, for 2 of the feathers n. 
And conſequently the difference of the revolutions which is 1 , 
is the quantity taken up by the twill, whilſt the thread tn is 
twined by theſe 2 revolutions of the feathers. The greater the 
difference of the revolutions of the twill and feathers, the more 
the wheel Hes up. And the nearer an equality, the more 
ſhe twines. If they make equal revolutions in the ſame time, 
the will not take up at * And if the feathers make no re- 
volutions, ſhe will twine none. The greater the proportion of 
the rim, to the whoels and twill, the faſter ſhe will do both. 


Ex. X. 


A hae to raiſe a weight by the force of the running 
water 1H, carrying the wheel LX, by means of the floats F, F. 5 
Let the diameter ot the wheel LK 5s 10; of GB, 2 of DPO. | 

. 113 a | 
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192. 
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ns of E, ane hs. e 

F, be 1. Aten de Pute at B to move the heel CD, will be 

again if the power at H be 1, the force at A will be 34: 

Te den the force of the water, wo the weight f is 28 f to 
z * 3 5, or as 1 to 18 3. 

When the wheels and axles and weight are'ſo adjuſted, that 


| the velocity, of the floats at F, is 4 the velocity of the water 


there; then the weight V will have the greateſt motion of aſ- 


700 ble. For if any one thing be changed, whether the 


193. 


t, or the diameter of any wheel or axle, whilſt the reſt 


remain x che fame the motion will be leſſen d. 


N | oy Ex. XI. | | 
in the machine FB, which raiſes the pe W, means of 


the wheel EG, and the perpetual ſerew BE. Let circum- 


ference deſcribed by the power C be 30 inches, the diſtance of 


two threads of the perpetual ſcrew E, be 1 inch. Diameter of 


the Wheel EG = 5 feet, of DA = 2. Therefore if the power 
at C be 1, the force acting at E to turn the wheel EG will be 
30. And if the power at E be 1, the force at. D will be 2 4. 
Therefore the power at C, to the weight W; is as 1 to go 


or 1 to 7g. 


Note, it is che ſame thing whether CB be ſtreight or crooked, 


- whilſt the diſtance BC, in a ſtreight line is the fame; and in 


meaſuring ; you muſt always take the ſtreight line BC. 
| | Ex. XII. 


Wa colt mpounded of wheel to raiſe a weight; let 
AB=5, diameter of che barrel MN=2, the number of teeth 
in the wheels and nuts, as follows; CD=10, CE=40, FG= 


12, FH go, KI=12, IL=64. Then the power apply d to 


B, is to the weight V; as 1X10X12X12 to ZX4OX5OX64 3 
that is as 1440 to 640000, or as 1 to 4445. 
But if the power was at V, to move the weight B; then 


the ratio will be inverted. For. then the wer will be to che 


195. 


force at B; as 444 to 1. Or if the velocity of B was re- 
quired z you will have the velocity of V to that of B, as I 
8 5 \ 

Ex. XIII. 


A machine to raiſe a weight hel of chi wien ABEL, | 
the windlſs OC; and ro 2 Let the aan 


0 | 


sed x + COMPOUND ENGINES, 7 
HG where the rope goes, dg g, CD=5. Then if the- 716. 
er at D be 1, the force at His 5. the force at H, gs. : 
9 by a dy” be 7, tht AO Free by. rac per, ou 
will 6202. Therefore the power at B, to the , i as 
: . 1 repre, rok 
may againſt a ze muy wo | 
dude ante? rea * 
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e C D. E. of 
Arb 2p uit eg rig en the force 
ſtretching AE is 1; and bot gather i» equal: — 
DE=2 ;.and force DA=2 , -whence, force DC=4 ; likewiſe 
force CA=4. Therefore the whole force acting at A is 1+2 
D Mhec cog rope 


1 8 Weben XV. 


In this machine, bACD is 2 running rope fixr ar D, B a fixt 
Let the power at h pulling the rope h be 1. That 

on 4 ra, tj Then will AB be 2, and BC 2, BE 4. 
ppoſing AC, BC and DC, will be 1+2 


Oy 


p rpg een e o che weight 17 is as 1 
do 4. aps 
| Ex. xvl. 


e A ue Pede 4% . pullepy ere 
of the ſeveral ropes are fixt at B, C, D, E. 9 


4 


at MI, then the force on AF, FB is 1: GC, 2; on 
GH, HD, 4; on HI, IE, 8. But the weight P acts againſt 
HI, IE, and is therefore=16: r gender? adenine. 
AS 1 to 16. . 
ben %, s 01. 


In a e 1 a Nene ee 
be a weight or heavy bey, nch — to raiſe ſome other 
weight ; there will be the greateſt motion generated in W, 
in any given time, when P. 

And in a combination of pulleys, as fig. 42. 8 
was to raiſe another wei J; and if, 
of P:: P: ; chen will be the . which it in 


| the ger e in = Net Sine)" by Res” 
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7p 9 . ie eee 
Here the power acts at 4, and the pin B will be the fulcrum; 
and the force at C, acting againſt the water, is that which gives 
her motion. WEI ES; then the force 9 8 


by which the boat is moved, Is <> Whence the longer AB, 


or the ſhorter BC is, 0 much more power there is at 4 to move: 
e * havecthe-difdramye affind power. 
- Therefore long oars have vantage 0 
Yet the oars ns be too ſhort, as well as too — For if 
they be very ſhort, the motion of the boat will allow little time 
to ſtrike, and they will have but ſmall force to act againſt the 
water with, in ſo ſmall a time, as well as from the ſiow motion 
of the end C; which is a diſadvantage on che other _ 


Ex. XVII. ws 


200. Let FR be @ boat or @ > ſoip, AS a fail 8 a ATA 

line drawn ln the center of gravity of the ſection of the 

| ſhip and water; and another line BO, parallel to the horizon 
) 5 and to the axis or keel of the ſhip, and to paſs through the 
* center of preſſure or reſiſtance of the ſhip, which ſhe has by the 
water in her motion. Let this interſect the former plumb- line 
in O. Through C the center of gravity of the ſail, draw CD 


perpendicular to the fail; and CB perpendicular to BO, and 
. AS in the plane of the triangle CBD. 


Then if DC be the force of the wind againſt the fail AS, 
then DB is the force generating her progreſſive motion, and 
BC is the force lifting the ſhip upwards. Now the force DB, 

acting at C, in direction DB, endeavours to turn the ſhip, round 
an axis paſſing through O ; with a force which is equal to the 
+ abſolute force BD x by the diſtance CB, or CBXBD; and this 
is the force by which her head is depreſſed. Likewiſe the force 

BC, in direction BC, endeavours to turn the ſhip round an axis 

at O, the contrary way; and that with the force BC x diſtance 

BO, or BC x BO, and this is the force that raiſes. her head. 

Therefore the force to raiſe her head is to the force to depreſs 

it, as CBXBO to CBXBD, or as BO to BD. 

lence, if the point D fall before O, then the ſail endeavours 

to raiſe the ſhip's head; if it be behind O, it endeavours to 

fink 1 it. If it be in O, it will keep her ſteady.” And the height 
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to: 
EPE a 7 or 3 BD a rub for deen CADto paſs 201, 
| over, AB the horizontal plane; DB, "a Sep enrich and OD : 
parallel to AB. C the center of the wh Then the horizon- 
tal force required to pull the wheel over the rub BD, is as 


And che difficulty of going over rubs increaſes in a greater 


ratio than that of their heights. Alſo the higher the wheels, the 

more eaſily they paſs over them; but then they are more apt to 
overturn.. To draw the cart with the leaſt power over the rub 
BD, it ſhould not be drawn in the horizontal direction AB or 
OD; but in the direction D. The advantage of high wheels, 
is that they paſs the rubs moſt eaſily, and they — alſo leſs 
friction; 2 and more eaſily preſs down 
an obſtacle, But their diſadvantage is, that they eaſily over- 
turn ; they alſo make cattle draw too high; for they can apply 
their firengrh beſt when they draw low and upward, as in the 
direction 4D; which is the advantage of low wheels. Yet if 
the wheels are high, they may be made to draw low, ww 
the, limmers or traces as far below the axle as you wi 
which will then be an equal advantage with low wheels. For 
the power not pulling at the wheel, but at the carriage, my 
draw from any part of it. There is another advantage in 
wheels, that the te are better to turn with. 


A ap with 4 wheels is more advan than a cart with .. 
only 2 wheels; eſpecially on ſand, clay, c. Narrow wheels 
and narrow plates are a diſadvantage; the broader the wheels, 
the leſs they ſink, and therefore require leſs Pan wo 5 and allo v 
cut the roads leſs ; yet they take up a deal of dirt, which 


clogs. the carriage. There is a great of friction in all car-- 
riages, as is evident by the force required to draw / them upon 
plain ground. And for that reaſon, experience can only inform 
us, how much force is able to draw any carriage. To make 
the reſiſtance as ſmall as can be; axles of iron, running in braſs 
boxes in the wheel naves, the eaſieſt. | 
The ſpokes in the wheel ought to be a little inclined out- 
wards; that when a wheel ſinks into a rut, the ſpokes (bearing 
ce Reg F che ho- 
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e * rl is of hors mere he wha — 
8 01, to in a right line; m towards | 
* the ends, "The — will work. oe the lin pin, Tet this 
. the wheels to be further er at top than at bottom, 
in the rut, becauſe the ends of he ters ur e which 
nme 32006 | "4; 


4 my 9 
* EN. XX. 


Su ſe the waggon FG in moved . * a acting 
_— Seo the mgm turns the wheel DE by ya power pokes AD, 
AD, Sc. and DE turns the wheel N which carries ae 11 

Let the power at 4 be 1, then the force acting at 


3 5 be 525 alſo if the power at E be 1, the force at C, by which 


1 SN EL e will be BE. Therefore the power at J. 


to the force by which the waggon can be moved 1s 38 1 
Es 1 wo Beg. Or the power is to that force, as DEXBC to 


DAXEB. It will be che fame thing, if inſtead of teeth, the 
wheel DE carries EB by a chain going round them. Lou muſt 
ſuppoſe the like wheels on the oppoſite fide. | 
BM "Hence if the abſolute force to move the waggon without, be 


13 the force within, , applied ar 4 wane i . 


L . * 5 . 
a 1 N 
= 2 7 * * ; 
, * 
— % OW. k 'T x ” 
. Ex | | 
X ig 9 p 2 
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203. AD are th ſails of 4 windmill, all Ar indined | to their | 
| common axis, and facing the wind, and turning about irt the 
| order ABCD. IVC the direction of the wind parallel to the axis 
EH. Since C is perpendicular to EC, draw CF in the fail 
perpendicular to EC; chen the angle e will be the angle 
of incidence of the wind upon the ſail. Therefore the force of 
the wind to turn the fails about the axis EH, is as the ſquare of 
me ſme of the angle V xe by its coſine. And the force act- 
againſt the mill, in direction of the axis EH, is as the cube 
of the fine of VCF. Naw fince the force of the wind to turn 
. the fails round, is as F. f „ coſ. M; 1 
ee e 


* 


! N 
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"Aud this is the moſt fipofdien' of the fails" to vi e. 
move them from reft; and always be fo, if the wind 20g. 


ſtruck them in the ſame angle when moving as when at reſt. 
But by reaſon of the ſwift motion of the ſails, eſpecially near the 
end G; the wind ſtrikes them under a far leſs angle ; and not 
only ſo, but as the motion at the end G is ſo ſwift, it may ftrike 
them on the backſide. Therefore it will be more advantageous 

to make the angle of incidence F greater, and fo much more 
as it is further frem EZ. Therefore at the places », o, C, the 
tangents of the angles ought to be nearly * the diſtances, En, 
D EG. And therefore the fails ought to be twiſted,” fo as at 
7 to lie more ſharp to the wind; and at & almoſt to face it. And - 
pottery fs aro ng. © 1, 5 


Ex. XXII. 


GBi is a common ſucking Zang GKL the handle ; CD the 204. 


bucket Z, F two clacks upwards. When the end L 

t⸗ down, the end G er or bucket CD, and the 
W cured wx water above the bucket being 
raiſed, the weight of the atmoff por Upon, off the. water un- 


derneath in the pu 4 Then 3 of the external — in 
the pit or well 


raiſes the e. 

valve F, and aſcends thro the hole B i '2l# the de ddp ef 2 —— 
DB. in, when the handle L is raiſed, the bucket 05 — 
ſcends, the valve F opens, and let's che water aſcend ee 
it, eee the water ſhuts the valve E, ſo that 
water cannot . Then whilſt the end L is put 
down again, the ſucker CD is raiſed again, together with the 
water . mw; it, whilſt more n B. So that at e 
ſtroke of the handle, F till at "lf 
it flows through the pipe 

ee re Leen cam as evi foot, from the ſurface 
of the water MN in the pit, DN tan abbey? it; for 
. the ality : reaches no farther. Therefore it 
| Be ar e is ußcleß for 
raifing water. 5 N DF 

The welch of waver which dle bucket lifts it ell rok 
that of a column of water whoſe height. ME, and its diameter 


that of the bore of the pump at Ch where the bucket goes. 
therefore as GK to KT :: fo the power applied at L. to that 


weight. Therefore it ſignifies nothing where the bucket is aced, 
as to the weight of water. If « leak in the barrel of the 
n the air w in get in and hinder the 


Cen. | work - 


tne 


1 22 ESCRIPTION ox” 
71 0. W ould be placed lows b ae Ms; 


— 1 ne e wud it will be bad to 
come at to repair it.. 


Mie bockes, fucker 00 Pins ib 60 be ſarocurdo@ id Iu 
ther to fit exactly, and muſt move freely up and down in the bar 


_ - rel, and alſo muſt exactly fill it. Of valves or clacks, ſome are 


0 W e gn e r me _ 


flat, made of leather; others are conical: and they muſt all fit 
very cloſe; and move freely. To balance the weight of water, 


the, handle XL is commonly made heavy, as of iron, vitha 


knob at the end L. 


The bore of the pipe at B, ſhould not be too ſtrait ; 0 
wider it is, the more freely the water aſcends, and the 1 the 
pump works. Likewiſe the longer ſtroke the pump makes, the 


more water is raiſed, by the ſame power z, there being leſs water 


loſt, by the valves ſhutting. 2 


Came, of a common ee. 


Suppoſe LK, 3 feet 3. KG, 8 inches. | 
6 BE HM che height from the water in yards: 3 * 


| eo a Ga Ae de — ticks,” 


| And « lng perfon will raiſe . > bogſhendy of water in an 
Hour. 


In many pumps for common uſe, it is not aher to draw 
a great quantity of water; and then a ſmaller bore will ſerve, 


as 3 or 4 inches; wan will walks the r 98 ſo much che. 


9 fo 


lighter... 
; E *. XXI. 


If a man ng in the le E be i in wwilibrio-witha 
in the ſcale A; and if he thruſt be in ee CB, — 4 
ſtick. or otherwiſe, in direction E, 33 by that means thruſts 
out the ſcale E to the poſition BE. Then the man in the ſcale B 
will over balance the other ſcale A, and: raiſe the For 
let EL. be perpendicular to FB; then the force at E to tum the 


8 _ 


ſcales. is to the contrary force at E, as. CL to CR or C8. For i * 


is the ſame thing, as if E was ſuſpended at L. Rarity 
And when the perpendicular obſtacle GH hinders abate Ps 


| going out; and the center C is always kept ſteady. Yet the 


ale E will ſtill preponderate. For let EB be the force acting 


x 


eck. XIII. COMPOUND ENGINES. rg7 
at E, and D. The force BD tending to or from the center, does 1 10. 
nothing. But the force EB at E, at the diſtance CB, its 205. - 
nt) rings.” the ſcale E is CBX BE. And the ſame 
de acting at P, its power to puſh up the ſcale is CDN BE. 
their difference DB xXBE 7 — abſolute force aan thruſt 
down the ſcale. And this force is to the whole thruſting force 
DE, as DB to DE. And if D were on the other 3 ee 
force would ſtill be DB x BE, or CB + CDXx BE. | © 
- But if the ſcale. E was not moveable about B, Mat + we 
tied by the cord DE; then no force 
nen nn 


e . 
Ex. XXIV. LT 


5 a man 4 Nanding upon the N GB, f pe 
ly at one end C, and pulli the ud end B towards him by the wpe 
EB, in order to keep himſe — pe from falling, | 

Imagine the man and the plank to be one body; — ac- 


tion and re: action in rarely EB, deſtroy one another, and his 
pulling does nothing. It would therefore be in vain for. him to 
endeavour to ſupport himſelf by that force; for both; he and the 

[down together . * N Soar own. weight. 


Meds AED 
wy FS) Ex. XXV. 


eee eee as 
which goes a cord GDFE. There is a power at E endeavouring 
to draw the machine towards E, in a direction parallel to the 
horizon HO, by the cord EF, going under the axis DF. In 
the radius AH of the wheel, take AB equal to the radius of the 
axle DF, towards E, becauſe the ſtrin goes below it. Then 
the force to move the machine, is the ſame as if the ftring was _ 
fixed at B; where N is the fulcrum, 4 the weight. Then the 
force to move the machine towards E, with the given power E, 
will be as BH. Therefore it would be in vain, by pulling at 
the ſtring, to endeavour to make the body roll towards D, the 
contrary way: But if DF was than the diameter of the 

| Wheel, that is, if B falls beyond H; then the force drawing to- 
wards E, would move the body towards D the contrary way. 

If the direction of the wer DE be elevated above the hori- 
2on, as fe 3 then the ine could approach or recede, till te 
direction of the ſtring, 7 fell upon- the {ay of Gun H, and 
e * n 


| E x. 
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0 b 0 eee ie) e en g in direc- 
tion N drawing the ftrin 5 1H, fred at A and B. The 
kite will gain ſuch a poſition, Ei 2 — will 3 
the center of rity e Draw CO 8 
to BA, and icular to the horizon — OC 
js the direction « the force of the wind acting a inſt the kite; 
and the force of the wind to keep her up, is as are of the 
ſine of the angle AC or COD. Now if D001 reprint 
ven weight of the kite, CO will be the force of 


wind 
againſt her, and CD the foree pulling at the ftring. ul 
EF (with a bullet F at the end) being always 2 27 from che 


wind, keeps her head always towards the wind. 


210. 


211. 


As the direction of the thread always paſſes C, ehidre- 
fore the angle ACH, and conſequently HCO, will ways be the 
ſame at all altitudes. © And on cad never aſcend ſo high, till the 
angle of altitude CHO be N to ACH. And hence it follows, 
that the leſſer the angle HCO is made, the higher ſhe will riſe, 
And likewiſe the greater the wind is, or the lighter the Kite, 
- ceteris paribus, the higher ſhe will riſe. 

: After ay like 2 a machine as ab may be contrived, to 
eep at of a running water, 

de en 1 and . the ee 41 a this 
board, 5 a piece of lead to fink the end ö, but the whole muſt 
be lighter water, cd an iron in fixed at C. Or the ma- 


re mey have loſe ail than water as in the | 


Ex KM. 


Hales machine ene es by « a power g 66 bin 

of the machine, in direction DC. DF, GI two leavers within 

the machine, moveable about the two fixed fulcrums E, H. 
n x; then the force at F to move the leaver 


Gl, is AF · Then if the force at F be x, thatat the obſtacle. 7 


out of the machine is — 4 Therefore if the power at © be I, 


the force acting againſt the obſtacle at I, of which is the fame 


thing, the force urging forward the machine towards B, is 
DE x GH 


. But the power at cee ch mackin wii 


I bea xm. — bveings. 


199 
force 1. Therefore the abſolute force forward the ma- F 1 0. 
5 DE x GH _ 1 or NEE ' , Þ ; / pb „ \ 
__ EFx BT EFX HI . 


Note, if he fore at F be PN the force againſt If is Fl But 


this is not the force urging forward the machine, but to tear her 

in Ieces, rogue e fulcrum's E, H, from one another. 
there had been three” Teavers, and the wer at D; the 1580 

third, had been directed towards X, the way machine goes; 

then the power at 1 muſt be added to the force at 7, and the 

RT LE forward the machine. 

 - Hence, if the abſolute direct force to move the machine be 


1, Fe ns * 255 at D, which is able to move it, will be 
| ar Bur if the power at D act within the 


machine; this power could only be 2 ſince there is is 
then no force to be dedufted, eee 


Ex. XXVII. 


' DABHita wendes bridge. "AC, AD, AB, BH, BO, 7 212. 
timber. DE, EL, SR, RY, braces to.itrengthen the angles 4, B. 


The ſtreſs wo of the angles, * ve nag paribus, ſo much ; 
greater, as : 2: TY ſtrength on any angle 
S is as the e perpendicular ws ge 


K-& 


E x.- XXIX. 


AB a ſailing chariot. CDEP . alle, 0 Ane 
that the fails D facing the wind may expand, and thoſe going 
from the wind may contract. —— 4 
wind coming from any coaſt. Theſe ſails turn the axis and 
trundle GH, And the trundle turns the heel IL by the c cogs 
in it. Therefore the chariot may move in any direction. Ris 
4 3 


poſe the chariot to go again the wind. Let Diwnkeccw 
edle . nos fo C D. the wind blomus on. And 
«ah wang (that is the force of the wind acting againſt the 


05 1, then the force acting -againſt the terth in IL, is 
al bee en ee, There- 


213. 


x 1 0. fo 
213. 


DES G11 0 * E le = 
fore the power at D to the force/ar L 18 48 I rg 0 


as OH to ED. Now ſinee the maſt is ſtrained by 455 
falling on the fails, therefore by this power OH, the 


; urge backward." And by the force at Z. which 's GD, i | 


hg, 


215. 


urged forward. Let R be the force of the wind upon the 


Body v6 ths” chariot, t together with the friction in moving. 


T N if G is greater than the radius OH+R, the cha- 
move forward againſt the wind; if KB, backward, 
Bari bred it wil ſtand ſtill. | 


F MS. XXX. 


FG a at ada to fail e And $ the ſails 
of a windmill, turning in the order 1, a, 4. As the fails go 
round; the pinion A moves B, and the trundle C moves B, 
which has both teeth and cogs. D by its teeth moves E; and 


the trundle E fixt to the axle-tree carries round the wheels H, 1 


which move the waggon, in direction HG. + 

The fails -are ſet at an angle of 45*, fo the hire to turn 
them, and the force in direction of the axis, will be equal. 
This waggon will always go againſt the wind, provided you 
give the ſails power enough, by the combination of the wheek, 
But then her motion will be ſo much flower. . 


Ex. XXXI 


Let AB be part of a rope, cd, ad, Ge. the particular ſtrands 
running about in a ſpiral manner. Loet FH be the axis of the 


« We ve 4 
* 


rope, the angle GFH or HFK the obliquity of the ſtrands, 


Draw KH, GH parallel to FG, FK, and draw GEK. Then 
the tenſion of the rope in direction H, is to the ſtreſs on all 
the ſtrands in direction FG; as FH to FG+FK or FG-+GH, 


that is, as EF to FG. Therefore the abſolute force by which 


the rope is ſtretched, is to the ſtrain or ſtreſs upon all the 
ſtrands, or upon the twiſted rope; as FE is to FG; and fo is 
Bo gs of any part of the rope, to the correſpondent length 
of a 

Hence ropes the leaſt twiſted are ſtrongeſt and bear the moſt; 
weight; and the harder they are twiſted the ſooner they wil 
break. And for the ſame reaſon if they be double twiſted, - 


they will be weaker ſtill. But as it is very difficult to make 


all the fibres erg equally without twiſting, and impoſſible to 
make a rqpe hold together without it. Therefore it is WN. 


= 


a * 
4 " ©: Me: - * 0 : N n - 
. * * 1 . 
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and a ſmall degree will not much impair its ſtrength. A rope 215. - 
en 


ABC a ſyphon or crane. If the ſhorter end 4B be immerſed 
in a veſſel of water AD, then by applying the mouth to the 
end C, and fucking till the water comes, it will continue to 
flow out at the end C, as long as that end is lower than the ſur- 
face of the water at D. If there be a mouth- piece at E, then 
* at E (whilft the end C is ſtopt with the finger) will 
make the water flow, when the er is taken off. And when 
the water is begun to flow, the hole at E ſhould be ſtopt up, 
or elſe the water will flow no longer, than till the ſurface at O 
be as low as E. . $3 het | 
Ihe reaſon of its flowing is this: the perpendicular height 
of the column of water BC being greater than that of BD; 
the preſſure at C is greater than at D; and the preſſure of the 
atmoſphere being the ſame at D and C; therefore the greater 
weight at C will make it flow out there; whilſt the preſſure of the 
atmoſphere at D forces more water up the tube DB; and ſo 
keeps it continually running as long as there is any water, and 
the end C continues lower than the furface at D. But if C is 
higher than D, the water will return back into BD. But if 
the height DB exceed the preſſure of the atmoſphere, which is 
30 or 32 feet; then it cannot be made to flow out at the end 


C; or if there be a hole in the ſyphon higher than the ſurface 


at D; the air will get in, and: the water will return through 
BD. Or if the ſyphon be very wide, the air will inſinuate it- 
ſelf into the end C, between the water and the tube; which will 
hinder it from running: To prevent which the end C may be 
immerſed into another veſſel of water, lower than the ſurface 


at D. If the ends of the cyphon be turned up, as F, G; then 


the water will remain in the ſyphon, after it has done working, 
which in the other will all run ut. 


7 b e >£3 Fd a 
HD ENR. XXIII. 


DE a veſſel of water; AB a tube open at both ends, and 
about 4 inch diameter. AE a quantity of mercury put into the 
tube. Then ſtopping the end B, let the other end A be im- 
merſed deep enough in the water. T e cod B, 
the mercury will enk ſo deep in the tube, till the height x 
AJA * D d — 
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DESCRIPTION p12 4. 


| 0 he mags dl be 14cimehe height of the menry LE: and 
/ 217, den the mee will he at reſt. | 


For the ſpecific of water and. mercury deing ad 
14, the c . of water AB will be equal in weight with-the 


column of mercury AE. . che 1 2 at 4 228 
equal, ey will ſuſtain one another, * 


Ex. XXIV. 


A,B, 6 ed. is a tube, 8 + inch 
deter, at leaſt, cloſe at top, and cothmunicating with che 
veſſel C, with mercury in it. C is open to the external air. 
The uſe of this inſtrument is to ſhe the of the atmoſ- 
phere, and- its variations. This tube. and veſlel with mercury, 


is put into a frame, and hung perpendicular. Near the wp of 
the 


wo tube is placed a ſcale of inches, by which the h 

in the tube is known, and likewiſe a for the 
n At the top of the tube above the mercury is a wacu- 
um. Now the atmoſphere preſſing upon the ſurface of the 
mercury at & keeps the mercury ſuſpended at the height d in 
the tube, Which therefore will be higher or dower according to 
the weight of the atmoſphere, - The height of the mercury in 
. 28, 29, or go inches; ſeldom more. If 

air get into che cube it ſpoils che machine. Leſt che 


quickiver tick to the glaſs, it is good to drum a little _ 


e fingers upon it, un. 
| Rules for obſervation of the weather." ; 


I. The riſing of the mercury preſages fair weather. 18 tee 
and ftands fog of et ſunſhiny, droughty weather: and 
is ene ally: weather it-gonarally Kinds high. "In thick doggy 


— l 8 on cury denotes foul weather. It 
2. The of the mercury denotes _ a> 
E 
3. In windy weather 8 and 
riſes faſt after a: of wind. 
. Falling of the mercury foreſhews 
under. 
. In winter, the forauls feaſts and in froſty 
5 _y riſing falling 
6. In continual froſt, the riſing rege ſnow. Ar other 
times, it "Wy 129 85 in — weather. 


ged. XII. COMPOUND: ENGINES 
. When he 
M it deſronds after tain, expect broken ſhowery weather. | 
e foul weather happens ſoon after the falling of the 


or fair weather, after ita riſing; expect but little of it. 
9. In foul weather, riſing faſt and high, and continuing ſo 
22x 4 days, before the Suweather' en New? IR 
continuance of fair weather to follow. 


10. In fair weather faſt and low, and contin 


mercury riſes after ruin, expect ſettled ſerenity; 716. 
218. 


how eee d teal of e 


probably high winds. 
pod 'Unſextled motion of the meroury denotes unſettled wea- 


2. The greateſt height of the mercury is upon eaſterly and 


north-eaſterly winds. 
1g. The alterations are greater in northerly parts, than in 


the more and there is little or no variation within 
eee | 
| NY | Ex. XXV. 


ABE is an arvificial fountain.” A is ngthe er C; 0 B a cloſe 
Pore E may be made cloſe by ſt the hole C; theſe veſſels 


all communicate the tubes F, G. The tube F reaches near 


the tube G neat the bottom of B. Pour 
water into C almoſt to the top of the pipe F; e 
hole C. Then pour water into 4 which will run down into B. 


by che weight of the column of water AB; and its preſſure on 


the water in C, is — — to the weight of chat column, and will 
therefore make the water fpout to that height above the water 


in C, — 1 e eee N 


-r orf HO Yo 1% Sik) 


Ex. XXXVL- Br ail 
A TRENT. T1 TREK ER * 


4B nets 1 10 Jr 1 en ee 
— in planes —— through the arrow. If the feathers 


Ede wn the avon i tn, Br ce th ee 
. ſtreight, but always a ts e ar- 
row moves forward, the air the flant ſides of the feathers; 


by which force the feathers are turned round, and with the 
ſeathers che arrow or feed. 80 there is generated 'a motion 


about the ax of the arrow ; which "motion will be ſwifter as 
hen ere am allant. F 
2 


219. 


220. 
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the handle of this cup; Which will look neater. 340 H ts 
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4  DBSCRAPMION toy 2 11% hos 
fails and axle of a windmill,” turned round by the wind -The 
head B is made of lead or iron, and will e 
in the air; and the feather'd end A the hindmoſt, ad being 
lighter. An arrow will fly about 60 yards e Tt 
pot goin ge hoe By ESeS; I Bus 91% ern” Enn Trot ab ge: 
i F< JO Fatt Ex. XNXVII. 10d ENS © ns, * 

5 | eolioj 02 Waise list bo asd 

AB is a veſſel which keeps its liquor:fll:fl'd to a certain 
height; and if filled higher, lets it all run out. ENU isa 
crooked pipe or crane open at both ends. If water be 
into the veſſel, it will continue in it till it riſes above H and 
aſcend to the ſame height in the pipe EF. But riſing above E 
the preſſure at E will make it run out through the pipe ENO, 
till the ſurface of the fluid deſcend as low as E. This is fome- 
times called Tantuluss cup. The funnel EFG may be put in 


: F * Fa 's 
14 * o 


Ex” XXXVIII. 


BC, CG are two Bones of an animal, moveable about the 
Joint EK, by help of the muſcle: XD. The joints of animals 
are either ſpherical or circular, and the cavity they move in, is 
accordingly either ſpherical or circular. And the center of mo- 
tion is in the center of the ſphere or circle, as at C. Let HW 


be a weight hanging at B, and draw CP, CK perpendicular 


to BM, KD. Then if the weight V be ſuſpended by tlie 
ſtrength of the muſcle XD; it will be as CX: PO: :: 
tenſion of; the muſcle i d i e wa 
The bone BV is moved about the joint RK, by the ftrength 
of the muſcle KD. For when the muſcſe is eontracted the 
point & is moved towards D; and the end N towards E, about 
the immoveable center of motion C. The ſtrength of the muſ- 
cles is ſurprizingly great. | | 
Borelli (in his book, de Motu Animalium, Part I. Prop. XXII.) 
computes the force of the muſcles to bend the arm at the elbaw ; 
and ſays, a ſtrong young fellow can ſuſtain at arms end, a 
weight of 28 lb. taking in, the weight of the arm. And he 
finds the length of CB to CK to be in à greater proportion, than 
that of 20 to 1. Whence he infers the ſtrength of theſe muſ- 


cles to be ſo great, as to bear a ſtretch at leaſt of 360 lb. 


and moving them abaut the joints? Every Jae 


It is evident that all animal bodies are machines. For what 
are the bones but leavers, moved by a: certain power placed 
in the muſeles, which act as ſo many ropes, pulling at the bones, 


* 
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the fulcrum of center of motion. What are all the veſſels but 7 1 O. 
tubes which: contain fluids of different ſorts, deftined. for the 422. 


aufe or motion of the ſeveral parts of the machine? And which 


by opening or ſhutting certain valves; let out or retain their 


vonitents as occaſion requires; or convey them to diſtant places, 
by other tubes communicating therewith. | And therefore all 


cheſe motions of an animal body, are ** to = OY laws : 


of mechanics, - 4 N 
all 1 200k. Ex, XXXIX. $5 
435} Ack 5 41 5 of 25 77 18 211; 97 ' 


The motion bf 4 nun, walking SYS Se. vill eaſily/be 


aecounted for. Let us firſt ſuppoſe; à man ſitting in a chair; 


he cannot riſe from chis ſeat, till by thruſting his head and body 
forward, and his feet and legs backward, che line of direction, 
or the perpendicular from the center of gravity, paſs through 
his feet, as the baſe. Likewiſe when we ſtand upon our feet, 
the line of direction muſt fall between our feet; otherwiſe we 


223. 


cannot ſtand, dut muſt fall down towards the fide the center of 


jy lies on. And when a man ſtands firm upon his . 
make an ifoceles triangle, the center of ry 6 

—.— them. And then he is not ſupported by the _ 
of the muſcles, but by the bones of the legs Had thighs, "which 
1 ſtand in a right line with one ende 

Whena man He endeavours to Walk, 50 firſt extends tis 
Kindrioſt leg andefoot & almoſt tc a :Hight/line,: and at the ſame 
time bends 4 little the knee Hof his fore leg: Thus his hind 
leg is lengthened, and his fore leg ſhortened; by this means 


his body is tioved-for werd' tillethe: center of gravity / falls 


beyond the fore foot B; and then being ready to fall, he pre- 


ſently preuents it j by raking up*the hind foot, and by bending. 


the. joints of thelhyp. Knee, and ancle, and ſuddenly. tranſlatirig 
it forward to T, beyond the center of gravity: and thus he 
—_ a new ſtatiog. After the ſame manner by extending the 
t and leg HB, and thruſting forward the center of gravity, 
: beyond the foot &, and then tranſlating the foot B forward, 
i he gains a third ſtarion. And ant is walking eg at 
n 12 } 3544 1142 3.1 EB II. 1 
His two fon do dk go! Ini one right line but in two lines 
bel to one another. Therefore à man wralking has a li- 
ratory motion, from one ſide to the other: and it is not poſ- 
ſible to walk in a right line. 
Walking on plain ground is eaſy, pleaſant, and performed 
with little--labour:© But in going up hill is very laborious, by 
"FO of * flexure 050 the * required to aſcend, ber 
411 11 EL 


4 


223. 


224. 


225, 


DES c 1 1 30 N > „ (25.98; 


71 0. their jr firing wort ern weight of the, bean in tha 


Deſcending down hill is, for the {ame reaſon, mbre 
ious than walking on plain ground, e e 


The walking of birds is not unlike that of men; — * 
weight is intirely ſupported; by the ſtrength of the mulcles; 
fince their joints are always bent. n n _ 
parallel lines. 11 

A man in walking always {ts down one foot before 
other be taken u 2 n at every ſtep he has both feet 


he never ſets one down till 
3 N he has but one foot upon 


eee o_ 
— TOSS AFRO. good 
Ex. = 


When a beg frands 3 the Las; of wit muſt fall within 


» _y * 0 
era - 


the quadrilateral made by his 4 feet. And when he walks, he 


has always 3 feet on the ground, and one up. 8 e he firſt 
the up ie hind Sel a oY, extending 


— 


| and tranſlates it 3 and then the fore foot 3 Gun | 


again; and ſo on. "I 
When he trots, he takes up too together, and ſets down rwo 


together, diagonally 


N 1 * 
them down one by one ; though ſome animals, ſtrike with the 
two fore feet nearly at once, and the two hind feet near at 


once; and have not above two feet on the Sanne A 


good horſe will run half à mile in a minute. 
Animals with 6 or more feet, take up the-hindmoſt firſt ; 


then the next, and then the next in order, to the foremoſt, all 


on one ſide; and after that, all the feet on the other ſide in the 
ſame order, 1 If they 3 
the foremoſt „mne 


=: 
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Aiviking\ downward; they expand to their greateſt breadth, and 
become almoſt two planes, being ſomething hollow on the un- 
der nde. And theſe planes are not then horizontal, but inclined, 
Jo that the back part K is higher than the fore part DN. But 
"moving the wings upward, to fetch a new ſtroke, they go 
with the edge DFV foremoſt, and the wy contract and be- 
come hollow. Their bodies are y lighter than men 
or beaſts. Their bones and fea are extremely porous, 
hollow, and light. The muſcles by which their wings are 
moved downwards, are exceeding large, being not leſs than a 


16. 
225. 


fixth part of the weight of the whole body. When a bird is 


upon the ground and intends to fly, he takes a leap; 
and retching bis wings right from his body, he Aube wr 
downwards with great force, by which they are put into an 
oblique poſition; and the reſiſtance of the air, acting ſtrongly 
againſt them by the ftroke, impels them, and the bird, in a 
direftion perpendicular to ee : which is in an oblique 
direQion, or partly upwards a A nes horizontally forward : 
the part of the force _—_ upwards is deſtroyed by the weight 
of che bird; the horizontal force ſerves to carry him forward. 


The ſtroke being over, he moves his wings = og which be- 


ing contra@ed, and turning their edges upward, they cut through 
the air without any reſiſtance, and being fufficiently elevated, 
he takes a ſecond ſtroke downwards, and the impulſe of the 
air moves him farwards, as before. And fo from one ſtroke 
to another; which are only like ſo many leaps taken in the air. 
When he has a mind to turn to the right or left, he ſtrikes 
| 1 with the oppoſite wing, which impels him to the con- 
trary fide. The tail acts like the rudder of a ſhip, except 
only that it moves them upwards or downwards inſtead of ſide- 
ways; becauſe its plane is horizontal. If a bird wants to riſe, 
he puts his tail into the poſition LH; or if he would fall, into 
the poſition LI. While it is in the horizontal poſition LC, 
it keeps him ſteady. A bird can by ſpreading 3 con- 
tinue to move horizontally for ſome time, without ſtriking. 
For having ired a ſufficient velocity; by keeping his wings 
parallel to the horizon, they meet with no reſiſtance; and when 
he begins to fall by his weight, he can eaſily ſtear himſelf 
ward by his tail ; till his motion be almoſt ſpent, and then he 
ml renew it n i 3 
alights, he expands his win tail full againſt the air; 
that they reer N ble. The center 
of gravity of a bird is ſomething behind th gp ne 
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ro. which, they thruſt out their head and nech, in dying; which 
a 225. carries the Center of gravity more forward. 99 ate 8 477185 11 ü 
| It is impoſſible that ever men can fly, by che ſtrength of 
their arms. For their pectoral muſcles are vaſtliy too Weak to 
ſupport ſuch a weight. For in a man, they are not the Soth 
part of the reſt of the muſcles of the body: but in a bird they 
are more than all the others put together. 
Some birds will fly 1000 yards in a minute. 
; | | 3 | II Mai bra 404 
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226. AB is a f a ſwimming ; which he does by help of his fins 
and tail. A fiſh is nearly of the ſame ſpecific gravity as water; 
; and moſt fiſh: have a bladder L, which they can expand or con- 
tract, and ſo make themſelves lighter or heavier than water, 
in order to riſe or fall in it. The muſcular force by which 
the tail is moved, is very great. The direct motion of a fiſh 
is by means of his tail BCD, moving from one ſide to the other, 
with a vibrating motion; which he performs thus. Suppoſe 

his tail in the poſition FG, being about to move it ſucceſſivel 

to H, J and K; he turns the end G oblique to the water, whi 
being moved ſwiftly, throw it in that poſition; the reſiſtance 
of the water acts obliquely againſt his tail, and moves him partly 
forward and partly laterally. The lateral motion is corrected 
the next ſtroke, the contrary way; but the progreſſive motion 
| p continued —_— forward. When his tail is arrived at &, 
e turns its obliquity the con way; that in moving ba 

to &, it may ſtrilke the e, | 4 K. manner ig tv 1-4 
And thus he makes one ſtroke after another, and moves for- 
ward thereby as far as he pleaſes. The oblique poſition of his 
tail is moſtly owing to the elaſticity of his tail, which by bend- 
ing, is put into that form by the reſiſtance of the water. They 
can exert a very great force with their tail; and which is ne- 
ceſſary, to overcome the reſiſtance which their bodies meet with 
in the water. By help of the tail they alſo turn to one ſide; 
by ſtriking ſtrongly with it on that ſide; and keeping it bent, 
which then acts like the rudder of a ſhip. The fins of a fiſh 
ſerve to keep him upright, (eſpecially the belly fins E, Which 
act like two feet; without them he would ſwim with his bed 


up; for his center of gravity. lies near his back. His fins a 
help him to aſcend or deſcend, by expanding. or contracting 
them, as he can with pleaſure; and ſo putting fv in a pro: 
per poſition. His tail will alſo help him to riſe and fall, by 
inclining it obliquely, and turning a little, from an erect poſi- 
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tion t one ſidle. Fiſh can ſwim but low, vet ſome of them = 
$1 22 


will ſwim 70 or 80 yards in a minute; but they ſoon tire. 
Brutes can ſwim naturally, for they are ſpecifically lighter 
than water; and require to have but a ſmall part of 25 
head out, for breathing. Alſo they naturally uſe their 1 
— after the ſame manner as they do when walking. 
Birds (wi 


m very eafily; On r much lighter than water; and 


readily move themſelves along with their web feet. 


Men cannot ſwim naturally, though they are ſpecifically lighter 


than water. For their heads are very large, and re to be 


almoſt all out of the water for breathing. And their way of 


has no relation to that of walking. Men attain the 
art of ſwimming by practice and induſtry. And this art con- 
ſiſts in ſtriking Age with the hands and feet in the water; 
which lik=s oars; will row him forward: When he ſtrikes with 


his hands, he neither keeps the palms parallel nor. pe icu- 
lar to the horizon; but inclined. And his hands ing the 


water obliquely, the reſiſtance of the water moves him partly 
upward, and partly forward. Whilſt his hands are ſtriking, he 


gradually draws up his feet; and when the ſtroke of his arms 


is over; he ſtrikes with his feet, by extending his legs, and 
thruſting the ſoles of his feet full inf the water. And 
while he ſtrikes with his legs, he brings about his arms for a 
new ſtroke ; and ſo on alternately. He muſt keep N 2 
little oblique, that he may more N hi 1 on 
his mouth above water. e 

After the ſame manner may the' Moste, 1 


8 
— properties of any machine be explained and accounted for, 


by mechanical principles. I ſhall proceed to la down a ſhort de- 


ſcription of ſeveral other machines, without being ſo particu- 
lar in the calculation of their powets and forces. The mecha- 


niſm of which being underſtood, will aſſiſt the invention 8 * 


POT Ln e 


1 a ace: raiſe a Sas 
O a roller turned by che han 


iid - ir in hank 


H, and forked at the end G, Where it falls into the teeth _ 
wheel F. As the roller is turned, the weight is raiſed: by the 
rope IKL. And the catch G, ſlides freely over the teeth of the 


Wer till es machine Wi and hen the each ling in. 
between 


8 002 pf $i ol Ee. © 
f 
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E. To the roller is non. 
racket wheel F. GH is a catch made of metal, moveable. about 


227. 
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* Tir 0. been We eh the wheel fixed xhrre, that it cannot 
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228. Elis 2 machine to niſe or-depreſs the leben Gi, 

. about an axis at H, and to keep it at any poſition: ede 
1 fixed at f and a, and going in the order abcdef, through the holes: 
* , c. d, e, of the runner IA, which being put up or down, raiſes 


or lowers. the heam G, at And more or —— 

—_— made in the piece as occaßien equitos.. ; Noral: 

3 84 19 PO; nnn 40. en . 23 na Nets 2 1 1% fTEAS, 
> . g ir 24 1 E. XV. | rai bo N 


229. EE Ibis 
. is only a cylinder of wood, upon which. is cut a channel fbr the 
rope to go in. If the weight B be lifted up, and 4 pulled don: 
then B will remain in any given poſition, by the Kia of the 
cylinder and rope. And there may 1 mme * 

| the * Err n 
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230. Fern . 

x che counterpoiſe. E a ADRFA an endleſa cord. 
| e When the weight is down, draw the cord G, till the weight C 
riſe to the top au Loos Ma Bs whe 


- backwards. This _ ws: wesen La e, r 


moving a 
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Ex XVI. 


231. D a . makoving the mambes e 
brations made. DH is a wheel moving about a fixed axis, u 
on the neck of which axis goes a braſs ſpring L, to keep the 
wheel from ſhaking. A a piece of wood or metal, cut away 
between Land & to receive the wheel The plane of the piece 
AA is perpei dicular to the of the Wheel. are two 
ſtaples, to guide the motion of the piece AB back and forward. 
When the piece AB is moved from 4 towards B; the edge at I 
_ catches the tooth C, and ſliding along the edge, * moves the 
| | wheel about in direction CD; . bs brings the tooth 
E to the edge K. And ben the piece AB is moved back from 
B to A, the edge at K 1 down the tooth E, 2 
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wheel from E towards H; which brings another tooth before 1 0. ; 
the edge 1; fo that at every motion of 4B back and forward; 231. 
the wheel is moved the breadth of one tooth. And if the 
teeth be numbered, the index MA will ſhew when: the wheel has 
made one revolution. | 2 453 1520 e . 


| Ex. XLVII. 
BED a machine moving one circle within another, concen- 


trical to it. ABC repreſents a fiat fing of braſs; and ake a 


ſmaller concentric ring lodged in a circular grove, turned 
within the larger; and kept in the grove by three ſmall plates 
of braſs, A, B, C, fixed to the outward ring, and reaching over 
the edge of the inner one. Upon the inner ring is fixed a con- 
centric arch of a wheel de, ha teeth in it, which are driven 
round by the threads of an endleſs ſcrew DE, turning in a collar 
at E, and 3 a point at F, both fixed to the outward ring. 
By this mechaniſm, any point of the circle abc, may be ſet to a 
given point of the circle ABF, by turning the ſcrew DEF. | 


Ex. XLIX. 


ABE is a crane for hoiſting goods up. AF'is a double wheel, 233 
within which a man A walks, and 23 raiſes the weight N 
V, by help of the rope FBEV, which goes round the axis of 

the wheel at F. At D are two pulleys, one vertical, and one 
horizontal; the vertical pulley facilitates the motion of the _ 

in hoiſting the weight; and the horizontal one ſerves for 

rope to run on, when the crane CDE and weight are drawn 

aſide, by the rope GH, in order to be CDE 'moves 
about the axis BC. At E is another pulley, for the rope to 

run on. If the rope BEI go about a pulley at I, and be fixed 

with its end at E, the crane will lift twice the weight. 


E L. 


AB a ſailing chariot. This is driven by the wind, by help of 2 34. 
the- ails, C, D. N is the rudder. The wheels muſt be ſet at 
a greater diſtance, or the axle- tree made longet, than in com- 
mon chariots, to prevent overturning. Sailing chariots are pro- 
per for large planes and champion countries; and are ſaid to 
de frequent in Ch. be ens, 20g A ing 
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is a horizontal wheel, wherein the 
wings or fails are inclined to the horizon. The ſmoak or rarified 


py 


air moving up the chimney at B, ſtrikes theſe ſails, which bein 


oblique, are therefore nioved about the axis of the wheel, tog 


ther with the pinion C, of 6 leaves. C carries the toothed 


wheel D of 120 teeth, all theſe are of iron. Ea wooden wheel 4 or | 


B inches diameter, this carries the chain or rope F, which turns 
the ſpit... The wheel Ag muſt be placed in the ſtrait part of the 


chimney, where the motion of the air is ſwifteſt; and that the 


greateſt part of it may ſtrike upon the ſails. The force of this 


machine is ſo much greater, as the fire is greater. The ſails B, 


are of tin, 6 or 8 in number, placed at an angle of 541 degrees. 


236. 


4 - Ex. LII. 


An engine to make a hammer ſtrike. M the water wheel, 7 
or 8 yards diameter. D, D, the floats. BC the axle, 3 or 4 feet 
diameter. H the hammer 3 or 4 hundred weight, moveable 


about the axis O, P. I, K four coggs in the axis, lifting up the 


237. 


hammer as the axis goes round, that it may fall on the anvil 4. 
FG a beam of wood acting as a ſpring, to give the greater force 
to the hammer. MN the courſe of the water, down an inclin- 
ed plane. M the place where it iſſues out. LM the perpen - 
dicular height of the water, 3 yards. All the machine except 
the water wheel is within the houſe. 22 e 

A hammer may alſo. be made to ſtrike thus; A is the ham- 
mer moveable about the point C. G the axle of a water wheel, 
in which axis are the pins F, E, &c. As the wheel and axle goes 
about from F towards E, the pins F, E thruſt down the end B, 
and raiſe. the end A of the hammer. And when the end B 


goes off the pin, the hammer falls upon the anvil D. 


238. 


| Ex. III. 


IIa crooked axis or elbow for the fuckers of pemps. | IK the 


peſtle or chain of the ſucker. Upon the axis is the lantern EF, 


which is turned by a great wheel, carried either by water, or 
men or horſes. The peſtles IX riſe and fall alternately, as the 
lantern EF goes about ; and each gives one ſtroke of the pump 
for one turn of the lantern. Place pullies or rolls at a, 5, c, d, 


for the chain I to work againſt, when it goes out of its r 


28 ee unt | 
f. * + 0 N Ex, I. K e 


Abc CORR apa 7 T,Tare| 
to which the tackles are fixed. , &, S are ſtays to keep 
8 If the power at A be 1, chat at B is 3 at C, 93 anos 


D 27 een, 


A,. B are two bellows rt water, and blowing alternatel 5 
but neither of them nga a —_ blaſt ; F the water he 
DE the direction of the water. FG the axis of the wheel; a, a, 
Sc. 4 cogs of wood in the axis, forcing down the end of the 
| bellows A. bb, 772 4 cogs forcing down. the end of the bel- 
lows B. LM, NI two rods of iron, faſtened to the bellows and 
to the leaver MA, and moveable about the pins M, N. SP a 
piece of timber moveable about 8 and P. OP a beam ſervi 
or a ſpring, lying over the piece of timber QR. As the wh 
and axle turns round, a cog 5 forces down the end of the bel- 
lows B, and makes it blow ; this pulls down the end N and raiſes 
the end M of the leaver MN, which raiſes the bellows 4. And 
when the cog b goes off; the bellows B ceaſe blowing ; and a 


cog « forces down the bellows A, and makes it blow; and at 


the ſame time raiſes the bellows B. And thus the cogs a, b al- 
ternately force. down the bellows 4, B and make them blow in 
their turns. H is the hearth or fire. 

A pair of bellows may be moved by water thus; A is a wa- 
ter wheel, carried by the water at FV. CD a rod of iron going 
on the crooked axle-tree of the wheel; DF a leayer moveable 
about E. FG a chain going to the bellows B. Ta weight. As 
the wheel goes about, the ends P and F of the leaver DF, riſe 
and fall; Which motion raiſes the bellows, and the weight 7 * 
ries chem down . | 


Ex. 1 


is 4 1 with teeth, = a 1 to draw 1 up any 3 

H, H, H the handles, which may be wrought by two, or three 

men. bo 

But the eaſieſt and ſimpleſt rollers. for common uſe are ſuch, 

as C and D, In thele, d is to the W be raiſed; : 
Nato 18111 . : (OLLIGE I: I ee 94 8 m 
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fo muſt the radius of the axle; be to the lengtł df the hundle ; fer 
a man to work it E —_ 
| If a given weight P raiſes another weight M, on ſuch a ma- 


chine as fig. 30. it will 8 the greateſt motion le, in 


a given time; when the diameters AB, EF, and v k er 
ſuch quantities, that W.= ND xAB or when EF PRE. ; 


For then the motion will be greater, than if any one (H, AB, or 


245. 


EF) be altered, the reſt remaining the ſame. | 8 
And in ſuch a machine as fig. 36; the greateſt motion will be 
erated in V; if. you make, as velocity of V;: velocity of 
CBRETF wp CC 


Ex. LV. 


An engine w drive piles. A the rammer, drawn up by the 
rope BCD going over the pulley C. DN, DN ſeveral ſmall 
ropes for ſeveral men to pull at. M the pile. EF a brace and 
ladder to go up. The rammer A is bound at bottom with iron, 
leaſt it fplit. And has two tenants on the backſide, to keep it in 


the groves, made in the upright puncheons G, H, by which its 


motion is directed. The rammer is raifed to the top, by men 


| pang at the ropes DN, and then letting go, all at once, it 


alls upon the e of the — * 1 \ rats 
Old piles are drawn out, by ftriking-gently upon their heads; 
whilſt they are pulled by a ſtrong rope * 8 
| EAN 1p 1 


ACL a pair of ſmith's bellows. AL, BL, CL are theee boards, 
the middle board BL divides the internal ſpace into two parts. 


In the middle board is a valve & opening into the upper part; 


and in the loweft board is another valve T opening into the un- 
der part. The pipe P communicates only with the upper ca- 


vity. DE a leaver moveable about the axis GH. Ar Ja weight 


1s laid upon the upper board to make it fall. The bellows is 
fixed in the frame MK, by two iron pins, which are faſt in the 
middle board. And the pipe P lies upon the hearth. When 
the end E is pulled down by the rope EF, the end D is raiſed, 
and the rope or chain DR raiſes the lower board CL, this ſhuts 
the valve 7 and opens S, and the air is forced into the upper ca- 
vity, which raiſes the upper board, and blows through the 
pipe P. And when E is raiſed, the boards 4 and C deſcend, 


and the valve $ ſhuts, and T opens. And the weight I forces 


the 
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An engine to raiſe water. L107 a "rent 1 — er 
P the axis, P the E or ſpindle it turns upon. O the 
waves of the great wheel. M a ſmall wheel ere to 
the horizon, and placed under the edge of the great wheel, 


21 


246. 


247. 


this wheel is eee Ges e e fk; 2 


leaver EFC, which is moveable about the center D; EF the 
arch of a eircle, whoſe plane is icular to, the 5 
and in the plane of the wheel . EG the chain of a p 
' Whilft-the great wheel is turned by the leaver NA, from 0 
rounds f. he wave © preſſes down _— PR, and raiſes 
ch drend vp wage in the 5 But when 
W part of the wave is paſt the cel Be, the wheel 
into the hollow S. 2 then the chain H deſcends, 
tilt che next e raiſes i it abe. And thus ey wave males 
a ſtroke of che PH. 


>The wheel i placed 2 friQtion, and ſo 


that a perpendicular to its plane may paſs throu AB. If the 


number of 'waves” be odd, and another pump wheel and — 


de placed 8 oppoſite}, on i other” Aide of the 
wheel; then theſe actin OE ny 
me e at a W aways" act F 5 n 


51% bag hangs Hi E LX. 
BO a captain, to ; dro great weights. BC the axis which 


is driven 2 by men —.— at A, A, by help of the leavers 
, AB. or 4 ſpires of the rope DCE 


248. 


e the axis could not hold ſo 


much rope as chere is — Mb occaſſon for. And to hindet 
che rope from flipping back, 2 man conſtantly pulls at E to keep 
it light. And the axis is made conical or rather angular at the 
bottom C; to keep e any Jower, whilſt the 
fein goes about.” GN 


e N © has 85 LI. in 
N em grens weights Bis + pinion upon Im 


axis'FE, GC a toothed wheel, and D a pinion uponthe fame axis, 
working 
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» 1 6, working in che teeth of the kack AB. The whole is ineloſed im 
249. a ſtrong caſe KL., all of metal. The handle 


etal, -GHI goes on 
the axis FV on the backſide of the caſ dme. 


When a weight is to be lifted, the forkt end A is put under 
the weight; then turning the handle HI, the pinion E moves 
the wheel CC, with the pinion D; and D 1 iſes the rack AB 


> 


'S 
. 


* 8 
1 * 4%, 4d W * 
. EE 03 Sni a: 


_—_ 1 1 ” „ " et * 3s. FE * 

ern 1 Menn 24.7%, 4 7 * went. 0.5 4 n 
Ie „ ii 1 1 2 F*. 3 144 > Fs 5 a 

4 q 

ay ; - * 1 — thy 14 { 2 * * Ex 4 * 1 3 W © i Y = 1 - = \ * mY * 87 

"* C F = 4 4 * * Vs a \ * . 8 ö 
ia reien 11 „„ a 91. * 891 4 1 a * 

I * R | 
* . * 
; 1 


5 1 7 * 


„„in I an AJ 1205 J in T e 
An engine to raiſe and let fall two weights with contrary mo- 


a0 % my 
1 * 8 


tions ſucceſſively, whilſt the moving power acts always one 
way. GH a great horizontal wheel. NV, M two. lanterns, fo 
placed on the axis 4B, that the great wheel can only work one 
of them at once. When the cog wheel GH is turned by the 
leaver LI; it turns the lantern M, and raiſes the bucket E, 
axis AB, that the lantern M may leave the wheel, and N come 


to it. Then the great wheel moving the ſame way as before, 


will now work upon N, and turn the axis the contrary way, 
and raiſe the bucket F whilſt E deſcends. Which done, move 
the axis back towards 4, and you will again raiſe the bucket 
E; and ſo on. 5 ibo eg 


This may alſo be performed by placing the. lanterns AA M. 


ſo, that the great wheel may work them both at once but 


making them moveable about the axis 4B. Then there muſt 
be a pin to faſten either of them to the axis; ſo that firſt one 
lantern and then the other, being thus fixt to the axis, whilſt 
the other is looſe ; the buckets, Z, F will aſcend and deſcend 


alternately. 
- * * - i £ — de 5 3 154 * 
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A mill for iron work. AB the ſlitting mill, CD the plate mill. 
H the clipping mill. E, F are two great water wheels. After 
the water 1s paſt the wheel, E, moving in direction M, it 
comes about to the wheel F, in direction XX, The water 
wheel E, with the lantern G on the ſame axis, carries the ſpur 
wheels M and H, with the cylinders B and D. And the wheel 
F with the lantern 7, carries the wheels N and X, with the cy- 
linders A and C. The cylinders A and B, as alſo C and 
run contrary ways about. And the cylinders 4 and B are cut 


into teeth, for ſlitting iron bars. C, D are 8 inches diameter; 
A and B about 12. And theſe cylinders may be taken out and 


others put in, and may be brought nearer to, or farther from 


A 
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P 
be rpg axles of N, I X lie all in one horizontal 
ae e . 6, H. But che eylinders 4, B, 

Ae D, lie one above another. 
For maki 
thin at the e 


and 


that end put in between the cylinders C, D, 
whilſt the mill is going; the motion of the cylinders draws it 
through, on the other ſide, into a thin 8 Likewiſe a bar 
of iron, heated and thinned at the end, and put in be- 
tween the toothed cylinders A,B; it is drawn on the 
other fide, and lit into ſeveral pieces, or ſtrings. And then if 
there be occaſion, any of» theſe 
paſte mill' with the ſame hear, and maile-into plates. 


+ OPY. is the ſheers for clipping bars of cold iron into r 
V A cog in e OP one fide of the 


_ made of fteel and: moveable about'P. The plane LPR 
to the horizon. When the mill 


abour, 
the cog F raiſes the fide OP, which as it riſes clips the ber T2, 


into two, by the edges SP, RP. nets; the 
an is within the houſe. ag 


Ea LXIV-. 


A a windmill to frighten birds from corn or fruit. This 
is made of wood. The fails F, F a foot long, and their planes 
inclined to the axis BC, 45 or 50 degrees. The piece B 
upon the end of the axis BC, and is. pinned faſt on, and the 
ſails and axis turn round together ; the axis 7 
the board 4; and is kept from flying -out of the hole, 
the piece B pinned faſt. The bo machine is moveable a- 
bout the perpendicular ſtaff AG, by which means the wind turns 
the mill about the axis 4G, till the plane AD lies directly from 
the wind; and then the fails face it. At & is a ſpring 0 
knack as it . and the 5.08 e 


Ex LXV. 


An enemoſepe, to 0 the: turnings alk, CD is a 
„Weather cock of thin metal, fixt faſt to the long perpendicular 
* axis DF, which turns with the leaſt wind upon the foot F, 
and goes through the top of the houſe RS, To this axis is fixt 
the pinion A, which works in the crown wheel B, of an equal 
n r of teeth. The crown wheel is ft on the axis Pl, on 
the end of which the index NS is fit. The axis PI goes 
FF through 


217 
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D if a bar of iron be heated and made | 


ſtrings may be put through the 
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_— dhe wall LM, 

253. NES ; with the points © e it. 

Vpane CD de fr on che north, e e 
SN fixt on the axis PI, to point at S8. Then howeye: 
yind varies, it will turn the vane D, and pinion 4; 
turns the wheel B er 8 

always be directed to the oppoſite point to 

OY ee , We g d ee 80 . 71155 


EA. IXVL 


DEF” 2 3 e ee Eh dhe Pankl c 
the roller. GH un:cndleſs Gain, 20! which alm fate fiiveral ls 
ther buckets I, I. hollow on the upper ſide that aſcends, | 
the handle. The ue of this in te Land foul. waters from din 
and rubbiſh. The roller is ribbed to hinder the chain from 
- Clipping,” in working. When the roller is rurned, it draws up 
the chain through the pump, with whatever 4s-in the water, and 
diſcharges it at the top. _— eee 
a trundle may be uſed, called the rag wheel. 


254. 


| Ex. LXVN. 
255, A dyer's and fuller's mill. A the great wheel carry d about 
by horſes. This turns the trundles B, C, D; with 
E, F, G. Then E turns the cog-wheel H, with axis IK, 


arid 'the robs pieces L, L; 1, 1, &c. are pullies or rollers, 
| MN, MN wooden beaters, turning upon an axis paſſing through 
=. 0 ö N 3 'TK turns about, the en ſlides * 
3 | | p 1 and falling off, the part N againſt 

cloth in the trough at O, O. The lantern Fe carries the cog- 

wheel P, and the cranks Q 2; which work the pumps 7, 7, 

by help of the leavers RS, moveable about 4. The trundle G 

carries the eog-· wheels / and , and , carries the trundle &. 

with the piſton 2 that grinds the indigo in the veſſel cd; 
= from whence it flows to the veſſel Z. The ends m, m, Ec. of 
| all the axles, run in pieces of timber going croſs the mill, and 
| ; rend to one another and ug dd walk the houſe,  - 


| Ex. LEVI. cs; . 
256, A machine to empty Rtanding waters This is no more than 


2 pipe or cyphon ABC, e cloſe and tight | 
no air can get in. 


bar 


Seck. XI. COMPOUND ENGINES. ag 
- If che poal of water DE is to be empty'd over the hill DH; » 1.6, 
let the pipe be placed with its mouth A within the water DE, 256, 
and the mouth C within the water , if the pipe be very 
lunge. Then ſtop up A and C, and fill the pipe with water 
y the cock B at ns Then Topping cock B very 
ce, open and the water will flow through the pipe, 
m DE into FG, which may run over at F, at a ſmall height 
above C, and go away. > LDR 
Note, the end C muſt always be lower than A, and the 
height of the top B above DE muſt not exceed 11 yards; for 
if it do, the water will not flow. If the pipe be very ſtrait, 
the end C need not be immerſed in the water; but if large it 
muſt"; or elſe the air will inſinuate itſelf into the pipe at C, 
and hinder the flux of the water. | N 


Ex. LXIX. 


 BFGH i a coal ginn. E the cog-wheel 11 feet diameter, 
and 72 cogs: this carries the trundle F, near 2 feet diameter, 


and 12 rounds, together with the roll G, 4 feet diameter. AH 

is the ſtart" 20 feet long. The axis AB runs upon the kevy- 

ſtock C. VVV 
ported 


which the axis AB goes. Theſe croſs trees are ſup 
four poſts KL at the four corners. When the coals are to be 
drawn up out of the pit, two. horſes are yoak't at H and go 
round in the path OD, and draw the wheel about. And 
XLS ded corf N, ner ca ts 
M. e ing round the roll; the one at 
other end 8 deſcending to the — And the 
loaded corf N being taken off, and an empty one put on; the 
horſes are turned, and made to draw the contrary way about; 
till the other corf, comes to the top loaded: and ſo as one 
corf aſcends, the other deſcends, alternately. A corf of coals 
weighs about 5 hundred weight, and contains about 4 buſhels. 
A pit is 40 or mech» And 50 fathom of the rope 
weighs about 3 hundred weight. I 122: wt 


— . 


A worm jack for turning a ſpit. ABC the barrel round which 2 58. 
the cord 2R 
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axis of 60 or 75 degrees. & tlie ſtud, Z the loop of the worm 
res . P a heavy wheel or fly to make the motion uniform. 
the ſtruck wheel fixt to the axis D. ö, S ſeveral holes in 
the frame, to nail it to a board, which is to be nailed againſt 
a wall; the end D going through it. H the handle, going 
upon the axis ET, to wind up the weight when down. R are 
fixt pullies, / moveable pullies with the weight. The axis 


E is fixt in the barrel AC, and this axis being hollow, both 


it and the barrel turn round upon the axis FD, which is fixt 
to the wheel KL, turning in the order BT 4; but cannot turn 
the contrary way, by reaſon of a catch nailed to the end AB, 
which lays hold of the croſs bars in the wheel LXK. 


The weight, by means of the cord 
barrel AB, which by means of the catch, carries the wheel KL, 
which carries the nut LM and wheel N, which carries the worm 
O with the fly P. Alſo the wheel LM carries the axis FD 
with the wheel DG, which carries the cord or chain, that 
about the ſpit head (a wheel like DG) which turns the fpit. 
The more pullies at R and V, the longer the jack will go; 
but then the weight muſt be greater. ently '$1 50 
The catch lies between the end AB of the barrel and the 
wheel KL, and is thus deſcribed : F the barrel, » the main 
ſpindle : dr a tumbler moving eaſy on the center pin a, faſtened 
to an iron plate, . nailed to the barrel: & a collar of iron, turn- 


ing a little ſtiff on the ſpindle, from this proceeds the tongue 


259, 


bc, paſſing through the hole c in the tumbler : r the catch of 
the tumbler. Now whilſt the barrel with the catch is turned 


about, in the order eg, upon the axis n; the collar is drawn 


about by the tongue bc, which tongue acting backwards, turns 


the tumbler about the center a, and depreſſes the catch r. But 


the barrel being turned the contrary way, the tongue then acts 
towards d, this depreſſes the end d, and raiſes the catch r, which 
then takes the croſs bars of the main wheel, and ſtops the barrel. 
This catch would alſo ſerve for a clock; and is better than a 
ſpring catch, becauſe it makes no noiſe, in winding up. 
Note, the jack need not be placed fo, that the axis FD be 
parallel to the ſpit; but any way it can conveniently. For it 


is no matter whether the chain croſſes or not. 


-E.x. LXXE 


' DAF the hydroftatical bellows. AB, EF, two flat boards of 
oak; the ſides AE, BF, of leather, joined very cloſe to the = 


Sed. XII. COMPOUND- ENGINES. 


piece of braſs, in the top at C. 


I a man blows in at the pipe DC, he will raiſe a great 


weight laid upon the board AB. if he ſtands upon the board 
AB, he —_ eaſily blow himſelf up, by blowing ſtrongly into 
the pipe DC. i 

pipe be full, the preſſure upon AB within, will lift as much 


bund bottom, with ſtrong nails. CD a pipe ſcrewed into the 


F 1 6. 


259. 


If water be poured in at D, till the bellows and 


weight upon the top AB, as is equal to a cylinder of water, 


| Whoſe baſe is AB and height CD. 


* 


Ex. LXXII. 


ADM is a water-mill for grinding corn. A the water-wheel 
16 feet diameter, BC its axis. D the cog-wheel, with 48 cogs. 
O a trundle, with 9 rounds; LI its axis. MN the ftones 6 or 
7 feet diameter. The lower ſtone N is the Her, being fixt im- 
moveable upon beams of wood; and the upper ſtone is the 
runner, and is faſtened to the ſpindle LI, by a piece of iron 
called the rind, fixt in the lower ſide of the ſtone, to go ſquare 
upon the ſpindle ; between which and the ſtone, there is rm 
left, for the corn to fall through, upon the lower ſtone. The 
ſpindle goes through the lower ſtone, and is made ſo tight with 
a wooden bub, as to turn round in it eaſily, The upper ſtone, with 
the ſpindle LI, is ſupported on the end IJ, upon a horizontal 
beam of wood FE, called the bridge; the end F being fixt, 

and the end E lying upon the beam HG, fixt at G, called the 


260. 0 


brayer or bearer. The end H is ſupported by the lifting-tree - 


HK, by help of a wedge at K. By this means, the upper ſtone 
may be raiſed or lowered. For if KH be raiſed with the leaver 
EK; the end E, the axis LI, with the ſtone M, and the piece 
GH are all raiſed ; and may be fixed there by the wedge K. 
Thus the ſtones may be ſet as near or far off, as you will. 
The lower ſtone is broader than the upper ſtone, and is fea- 
thered, or cut into ſmall channels, to convey the flour out; 
and is encloſed with boards all around as ab, cloſe to the lower 
ſtone, and above the edge of the under one, to keep the meal 
in. And through one ſide of the boards is a hole called the 
mill-eye, through which the meal runs out into a trough. 

The ſurfaces of the mill-ſtones are not flat, but conical; the 


upper one an inch hollow, the under one fwells up +4 of an 


inch: ſo the two ſtones are wider about the middle, and come 
nearer and nearer, towards the outſide ; which gives room for 
the corn to go in, as far as 7 of the radius, where it begins to 
be ground. The upper ſtone has a dancing motion 8.5 and 
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down, by the ſpringing of the bridge, which helps 40 grind 
the 8 The flour, as ſoon as made, is thrown. 80 che gut: 
out at the mill- eye. e quantity of flour ground, is nearly 
as the velocity and weight of the ſtone. The ſtone-ought nat 
to go round aboye once in a ſecond, for bread corn. 
Fhe corn is put into the hopper &, which falling down into 
the /hoe TV, runs into the hole at top of the ſtone M. The 


axis LM is made with 6 or 8 angles; which, as it turns about, 


ſhakes the end Y of the ſhoe, and keeps the corn always run- 
ning down. The axis L may be taken off. P is the di- 


rection of the water, which acting againſt the floats R, carries 


about the water-wheel 4, and cog-wheel D, which cog-wheel 
carries the lantern or trundle O, and the upper ſtone M that 
grinds the corn, : e eee 0 OTE 
Sometimes one water-wheel A, carries 2 pair of ſtones, and 
then 2 cog-wheels as D, are put into the axis BC, which carry 
two trundles with the ſtones. Otherwiſe the cog-wheel D car- 
ries a trundle O, and ſpur-wheel ; which ſpur-wheel carries 2 
lanterns with the ſtones, one lantern on each fide the wheel, 
Or ſometimes, the ſame cog-wheel D carries another lantern 
and cog-wheel, whoſe axis is parallel to the horizon ; and this 
cog-wheel carries another lantern with the ſtones. And the 
trundle is ſuch, as to make the blue ſtones, or thoſe that grind 
wheat flour, go near twice as ſwift as the grey ſtones do. In 
theſe caſes, when one pair of ſtones is to ſtand ſtill z there is 
either a looſe rung to be taken out of its lantern z or elſe the 
bridge EF is ſhifted towards H, till the lantern O be clear of D. 
The diameter of the water-wheel 4, muſt not be two large, 


for then it will move too flow; nor too little, for then it will. 


want power. When a mill is in perfection, the velocity of the 


| floats, wings, or hands R, upon the water-wheel, muſt be 3 
the velocity of the ſtream. 


The higher fall the water has, the leſs of it will ſerve to 
carry the mill. In an underſhot mill, where the water comes 


underneath the wheel; it is brought by a narrow channel called 


the mill race. The water is kept up in the mill dam, and let 
out by the penſtock, when the mill is to go: and the penſtock 
is raiſed or let down by help of a leaver. The penſtock being 
raiſed opens a paſſage to the water, 10 or 12 inches wide, 


through which it flows to the wheel. And when the mill is to 


ſtop, the penſtock is let down, and the orifice ſtopt. | 
When the water comes underneath the wheel, it is called an 
underſoot mill. But if it comes over the wheel (as in fig. 282.) 


it 


* 
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—_— pots "js not convenience -in all 

| places to m e 7 water is roughe te the wheel of 
overfal null, by . is turned aſide, to throw 

off the . * | the mill does not go. 

eaſt mill is that 3 the water is delivered into boxes, 

the t of the axis of the wheel, and moves the 


N 
+ 


> 
T 


15 


& — 
7 


ond mill will grind 2 3 or buſhels of corn: it 
; and in that time requifes 100 ogſheads of Water, 
or 12 feet fall. | 


Ex. " LxXrm. 
4B n hi of e 8 
af wood ſuſpended over the bar IL, by the leaver DE, 
able about D; and the thread FE, tied to the ſtart CK. B 
a piece of flat wood, moveable about im, and lying on the bot- 
tom, whoſe end B comes through a hole in the fide, in which 


is a catch to take hold of the end X of the ſtart, when the 
trap is ſet. When the vermin go into. the trap, they tread 


85 
415 


10 


7 


upon the board Im B, on which a bait is * Bonn puts down 


the end B, and the ſtart CK flies up. gives hberty to 
the rod DE to riſe up; hen the piece of wood B77 fall down 
and kriocks them on the head. If two pieces of board were 
naikd on the ends G, H; to reach below the piece of wood 
GH; the trap would take the vermin alive. 

AE is another trap, the end B is wire; and the end 4 
ſlides up and down in two groves in the ſides. . When the trap 
is fet, the end A is fulpended by the thread CD, tied to the 


rod DI, moveable about O, the end 7 being held by the crooked 
end of the wire IS, moveable about R, the end RS goi "g 


3 A bait is put on the end at 8, T 
of the bein the vermin goes in and pulls at 
TINS She each 7 from off te end of the leaver ID, 
which lets e end fall We anche vermin WN 
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An engine for moving ſeveral ſaws for the ſawing of ones, 
Sc. ILLI is a ſquare frame, perpendicular to the horizon, mo- 
ving in direction LL, in gutters made in the fixed beams Ad. 
CB; and running upon little wheels. IL oo rods of iron fixed 
; at 


\ 


wy bt, This requires more water than either of 
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at I and L. ep two hands of iron running along theſe rods g 


. to theſe are fixed the ſaws &, ö, HIK. is a triangle fxed to the 


axis of a great wheel. As the wheel and triangle go about from 

H towards J, the point I acting againſt the piece G, moves the 

frame towards MB, together with the ſaws. 5, S. When Tis gone 
ff, the angle K acts againſt the piece F, and moves the frame 


back again. Then H acting againſt G, moves it forward; and 


264. 


ſo the ſaws are moved back and forward, as long as the wheel 
turns round. As theſe ſaws work by the motion of the engine, 
the hands op deſcend. The parts F and G ought to be made 
curve; and little wheels may be applied at the points of the tri- 

le HIK, to take away the friction againſt F and G. The 
ante of the wheel may be made to carry more triangles, and 


work more ſaws, if the power is ſtrong enough. 


| Inſtead of the triangle HR, the frame may be moved by the 
two pieces ab, cd; going through the axis, acroſs. to one ano- 


thy: So that ab may only act on F, and cd on G. F being 
0 


ly in the plane of abs motion; and G in that of cd. So that 
F never falls in the way of cd, nor & in the way of ab. | 


Ex. LXXV. | | | 
 Ais an eolipile. This is a hollow globe of braſs, with only a 


very ſmall hole at the mouth. Take it by the handle B and ſet it 


265. 


air in it which was rarified, 


on a fire till it is heated, then pARgE it in cold water, and the 
ill be condenſed ; and water will 

o into it, till it be about half full. Then if it be ſet on the 
re, the water will turn into vapour by-the heat, and will blow 
out at the mouth with great violence; and continue ſo till the 
water 1s ſpent. 5 TR 


„„ 
ABD is a bygreſcope. BC is an index hung by the (therm) 


ſtring AB, the point B hanging over the center of a circle, which 
is divided into equal 3 The ſtring AB twiſts. and untwiſts 


by the moiſture or dryneſs of the air. By this means the index 


266. 


BC turns about, and ſhews the degrees of drought or moiſture, 


on the circumference DC. 


Ex. Id 
4 windmill, AHO the upper room, HOZ the under one. 
AB the axle- tree, going quite through the mill. 57 V the ny 
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ofs whoſe Ge c 


e 8 — 
＋ 8 falls 


ut / into the hae 
= 1 8 gf6utd. 8 


the Bio I ie hn in, w r os Ty 
or te e bs 


ut OE or furthe from the axis. 
Id 185 we faſter or flower”; att 8\ he wink: 


Hem, af cv file often i? he po cry fl of 


ppoſite ls , ap covered: To ls e ch B of tlle 

aer ze magere -wheel triitidfe,” arid ſtories,” with! 
= 7 85 5 125 55 And — axle 25 5 

r'o & at once. And when only one is t 

par ef et. A vi Fl he ket: | 

of pliable xd; fixed at the end ; and che c d tiecb t 
the leaver kj moveable abott x. And the end # « ors 
down, draws the girth H cldſe to the coed, and by this 
means the” rji6tion of the milk is ſtopt at pleafure : 5 is a ladder 

ing. into” the” higher part of the mill. The corn is drawn to 
e top, ts 1 of a rope going about the axis AB, — 


mill is going, mers 


es 
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266. round ib the wind, an g. rampin OT, perpe Wire 
© thoſe of ſtone, only the u 


of a oohe; there is a wa 


N 


exactly fits 1 into this channel; and 
upon the rollers, by help of a 


G, and the ſmall r 


1 5 iE G0 Nur nue e F 111% 252 


In il built of wood, .the.mhole; body of the anill turns, 
25 the 5 * 5 M 

3. vil N54 i +; 4 
plate. of Wood upon, the top of the 


wall: in this a channel i is cut 2255 2 in. 8 9 | fe 8 


2 


tnt 1 


*. 0 


715 the wooden mill, 1 is 
about to l wind A A may oy bb 
Is a roller to. hoiſt up the = Fe 101 5 
55 W wee and. f fo . BY W . 75 
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18 . ul 4a. & * Hing * rn i 10 5 n noa 
4B a force pump... Me d to ths gd er woher, 
ble about E. Dt 1 5 DD. 6,4 to 
clacks or yaves .openin bs 5 mult move. 
freely * and down, 1 LG et a i ie air 
Fin Ti mace e by OO 140 mache 
arrel, and. ſcrewed cloſe. bet «© This 1 
Ke by a ans for. w "itt ſes. 
the piſton, EC, wy e water riſes. vale . 

and goes into the barre, at the fam 15 en 
Aae 95 1 ug ane 1 9 9 5 135 at he 

u e Valve 4 and . | 
been raiſed, throygh the = bug] ugket N. muſt no t be. 

c 


a ** 


fi 1 75 the bückek⸗ 


n a JAY mp e at the top, 
0 on plays ee h a hole m eee 

with leather. T pump acts by. fi Ng upwe ds, for 

the handle P is pr down, it lifts up. the bucket A the preſſt Wa 


ſhuts the valve. 4 NS c, ad forces the water 5 the barre 


 LMis another. ce Pos or ay 
a, b, c valves o 


M along the pipe R. At the ſame time the valve. Cr 


and lets in more water, from M into the barrel. And. when 7 


is raiſed, N deſcends, the valves a, c ſhut, and * opens, 


lets more water paſs through the bucket NV, into the upper p art. 


And when the bucket N is drawn up again, the water is 2 


along the pipe M as before. This pump is the ſame as a lift- 
ing pump, only there is added the valve c, which is not abſolutely 
neceſſary. No _ or leak muſt be ſuffered below the piſton or 
bucket; for air will get in, and ſpoil the working of the pump. 

And che bucket muſt always be within 30 feet of the water. 


4 — 3 * * "II *** , 
n n off 1 * _—_— n 
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riſes; ſhould: not be too ſtrait; the wider it is, the faſter. the 
water aſcends. Nor ſhould the pipe 30 or M, that diſcharges 
the water, be too ſtrait; for then the pump will work flower, and 
diſcharge leſs water in a mftnute z or require more force to work 
it. For the calculation of a pump, ſee Ex. XXII. 

There are ſeveral forts of valves uſed in pump work; as 7, V, 
V, that at I being made of two pieces of flat leather, is called a 


2 


the bote at H or M, through which the water x 1 0. 
268. 


clact. Theſe at V, V are made conical, or of any indented fi- 


gure, and fit exactly into a hole of the ſame ſhape. At the bot- 
tom of the valve is put a pin acroſs it, to hinder its flying quite 

out of the he. CINE 

AA hydrometer, to meaſure the denſities of liquors, eſpecially 


ſpirituous liquors. This is a hollow ball of glaſs, B, partly fil - 
led with quickſilver or ſhot; and hermetically ſealed at the top 


A, when made of a due weight, by trials. The ſmall tube 45 
is divided into equal parts, and graduated at equal diſtances. 
And theſe diviſions noted to which it ſinks in different fluids of 
the beſt ſorts; which points muſt be taken as ſtandards to com- 

are others with. Then if the hydrometer be immerged in any 


id, and the point to which it ſinks in the ſurface be marked; 


it ſhews the denſity of it, and its goodneſs. For it ſinks d 


in the lighteſt liquor: and the lighteſt liquids are the beſt. 


Ex. LXXX. $ F405 155) \ 


= 


AB. is a thermometer, to meaſure the degrees of heat. B is 


a glaſs ball with a long neck 4B. The ball and-part of the 
neck is filled with ſpirit of wine tinged red with cochineal; and the 
end A is ſealed hermetically; in the doing of which, the end of 
the tube A, the ſpirit and included air, are heated, which rari- 
fies the air and ſpirit ; ſo that when the end A is ſealed, and the 
tube cools; the ſpirit contracts, and there is a vacuum made in 
the top of the tube. And therefore the: ſpirit expanding and 
contracting by heat and cold, has liberty to riſe and fall in the 
tube. This ball and tube is encloſed in a frame, which is divi- 
ded into degrees. Then as the top of the ſpirit riſes or falls, the 
diviſions will ſhew the d s of heat or cold. Theſe diviſions 
are arbitrary, and therefore two thermometers; will not go toge- 
ther, or ſhewy the ſame degrees of heat and cold; except they 
be made to do ſo by gnoduating them both alike by ee 
= 5 g 2 
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+11 DESCRIPTION wo Ss IB SY 
Thisis in the ſame caſe with ars. 
e eee 
en Wi 
2 — — end into the veſſeb 


⁊ir in C is rarified 3 


271, 
EY 


. | 
bottom; which veſſel is full or more, of the 5 
The top of the tube CE is air. 80 in warm weather, when the b 


don into the 
point E deſcends, the diviſtons beit 


ny 


bucket D, and as. 
marked, ſhew. 33 or hen it aſcends, the 
grees of cold. But this ſort is affected with the preſſure of 
N and therefore is not Re 
Won 


Ex. LAXXL. | : 


= 


DAi is an, artificial fountain, AE a 3 cloſe veſſel of me- 
tal, AB a pipe reaching near the bottom of the — _ — 


| hrs. ELIT E A two'cocks.. Jet wee. 


— the com 


EI — Bur un arc 
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| or rather. ſeveral pipes 


n. 


9 in acl till the veſſel be about half 
the cock F, and with a ſyringe . you 
— — condenſed within — Then ſtop the cock 
at A, and take away the ſyri Then as ſoon as yo Open 
preſſion of the air at C will: force- the 


the tube BA and height B; and a 
tne all of cre may be kgs pn ar dbe ay of th 
fountain is i is mot eaſiby mail das.) who 
bottle G; and fill it half full of water. 
ugh the cork, put a tube M very 


Cork it well, 
cloſe, to reach near 


the . of the veſſel. Then blow frongly in at H, till the 
: air in the bottle be condenſed; chen the water 


will ff Set 
H to a great height. bes 


' Any.of theſe fountains placed in-the fan-ſhine, with liow- alb 
the colours wlad 1 Wir pn 


Ex. LXXII. 


p is Achinedes water ſcrew. This 3 is — 
upon the axis CD. —— 2 0 
to e 
This cylinder is 3 e at e than at the other. 
And its uſe is to ſcrew. . water from the lower end to the 
is a river running in direction. Ig a, b, c, d ſeve- 
an floats fixed to the cylinder. EH the ſurface: of the water. 
Sins the cylinder ſtands in an inclined-poſition, wan, 


Sect. XIII COMPOUND! BNGIWE S. 
«+ am! 
So that 


diſcharged at the top into the veſſel G. If ABis a wa- 
1 — for 2 And then 


more water is raiſed 


| Head. Theor thei pr wry the 
more the: cylinder Cn hs en en een Bu to a 


* . 
a 8 e " 
leſa height. 
. . WP +4 | 7 No 
„ A Ex. LXXXILL - u $4013 


— n k, 755 
about 12 or 16 inches „ eee 


ſtrong iron axles, uite 
are fed in them. No the ana — 


and 
is fined the handle C. Theſe: pu oi, 
aſs — true upon their axles, and 
eas nearer; or ſet from one another, by 
. 


* 


frame at P, R. Hl is 4 flat table or planle, 


„ 
mn 


lie, —— kvibna of the ——ů— 
plate Well over a charcoal flre, and rubbing it with the 
ink proper for it; and lying it uvpom the aner botrom, on the 


— TR printing paper and lapimꝑg ic carefully up- 


— — Ear dir handle: CAB; the motion of the 
— 2 ER —— — 
between the ee nenen 


printed. 
. — dere dt be conoughly ge n n nn ae 
after it has laid about à day or two ĩt is then tobe paſſed 
ho Fa ID tos gg er dee anch then in i 


eee SIR 

: apricots, —_ bones of: ſheeps: feet, 
—— ay this: is calledr Fyunqprt black! This 
—— Ul ground-with-nup ot, thavhas . 3 
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out of the water, and the under ones A within it. F110. 
water acts only upon the under ones c, d; and turns 272; 
about the cylinder in the/ order a, ö, r, l. By this motion the 
water taken into the ſpiral tubes at the low end, is by the 
revolytion of the » conveyed-through theſe: pipe, and 


8320 


—— 
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<4 4 
2 4 


the horizontal piece g, called the ſpanner; ſo that moving þ: 
back again. ./ is a horizontal-rod- of iron, moveable about the 


moves rbund the center a, upon an iron axis. CC a hollow c 


| 0 bIIIX H98 


: 413 36413 0” 
it; goon 217 74 E., Lie ning ed mod: . 
In ud, ef dog; wol 600 26482073 Lge an 03117. 5 ARE eee 
The re engine to raiſe: water: LL is a igreat beam or deaver, 
about 24 feet long, 2 feet deep at leaſt, and near 2 ftet brdad. 
E e the end wall VW of tlie engine houſe; and 


linder of iron, 40 inches diameter, or mote, and 8 or iq feet 
long ; P the piſton ſuſtained by the chain LH. F the re. piace 
W's ground; B the boiler 12 feet diameter, which commu- 
nicates with the cylinder, by the hole 2, and throat 
E, 6 or 8 inches diameter. The boiler is of iron, and covered 
over cloſe with lead: in this, the water is boiled to raiſe a 
ſteam. 45 is the regulator, being a plate within the boiler, 
which opens and ſhuts the hole of communication 2; this is fixed 
on the axis 34 coming through the boiler, on which axis is fed 


back and forward, moves the plate 46 over the hole 2; and 


Joint . Heul a piece of iron, with ſeveral claws, called the 
wye, moving about the axis de, in a fixed frame. The claws s/ 
is cloven at I; and between the two parts, paſſes the end of 5, 
with two knobs to keep it in its place. AA is the working beam, 
in which is a lit, through which the claws xy. paſs, and are kept 
there by the ping going between them. DDD is a leaden pipe, 
called the injection pipe, carrying cold water from the ciſtern &, 
into the cylinder CC, and is turned up at the end within the cy- 
linder. f the injection cock, to which is fixed the iron rod fg, lyi 
horizontal. The end g goes through a ſlit, in the end of the 
piece 1g, and on the end is a knob ſcrewed on, to keep it in. 
pcbrg a piece of iron with ſeveral claws called the zf, moveable 
about the axis bc. The claw rp through the lit in the 
beam AA, and is kept there by the two pins o, : the claw g 
goes over the piece gf: as the piece gf is moved back and for- 
ward, the injection cock F opens and ſhuts. 1, 1 Sc. are ſeve- 
ral holes in the beam AA, that by ſhifting the pins, ſerve to ſet 
the pieces p, x, y, higher or lower, as occaſion requires. Mis 
the ſniffing clact, ballanced by a weight and opening outwards, 
to let out the air in the cylinder, at the deſcent of the piſton. In 
ſome engines a pipe goes from it to convey the ſteam out of the 
houſe. G is a leaden pipe, called the /inking pipe, or eduction 
pipe, going from the cylinder to the hot well H; it is turned up 
at the end, and has a valve opening upwards, this carries _ 
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ie with waer, by a cock opening at = tr ie i are two 
gase pipes, with oocks, one reaching a little 


I 
the Water in the boiler, the other @ hetle | — {+ += 


ing theſe cocks, it is known when there is water zenoug 

4 for one cock will give ſteame and ä — n 

they ſtand in a plata which may be opened, for a man to g 

— ng cleam af; mend it. m is d the Puppet; tlack,: 
— — wire mes through a ſmall hole, to. which is, 


fred a thread going yer a pulley. ene, Att 3, 
oh 5 — is about! aN! nh ſquare 
4 going from che lack, out the houſe. 


the ſteam pipe 

eſſteam in the boiler is too ſtrong, it lifts up cha pup- 
2 clach m, deere the ſteam pipe , by which it is 

conveyed. away; otherwiſe the boiler would burſt. KK a pipe 
— water from che. giſtern S, into che cylinder, to cover 
nito a good depth. 1 a eock opening. t-anyr wide-; 
that the water may run in a due quantity, M a. 
; 5 to let it om rough a pipe, into the- hot: well H. 
when there is too, Much. A «force pump, with a bucket 
and clack, and xu wahres Opening upWards. This, pump is, 
cloſe at the op nnꝗſbeing wrought by the leaver LL, it 
briags water out Of A pit, into che eiftem S. Q the pit where 
ate gig $0, be raiſed. „ A 2 erm which, work 2 — 

PAIRS Wi within! che, Pit. The <plinder +ig-dypported-\by;-ftro! 

ams as 7, 8, going through the engine houle 3.6, 6 is che fi 
floor 7. J the upper r, —f e end-of — 


there — two pins, whii wrt wo dene of wood. 


Oo two timbers, * . ide the great leayer LI; 

| helps bo ſerve 8 and hinder the piſton- te 

too lo in che cylinder: i 
hen the- aging ig, bb be det; to Work, the water inite 


be web thrown in by the cold water pipe, or injection 7 
t in the faadim pipe, going from the bye well: to _ — wy 
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boiler: muſt be, made tasbeil Jo long, Til the ſteam is streng 


enough; which, is Known hy opening che cocks 5, i, Then the 
hole a rapeneds; by 3 the ſpagner 5g by hand ; then 
am is let E inder, Which lets that end of the 
beam LC 8 up d D 1 5 the Working beam AA, moves 
the eff pre, "which. moves , and opens the cold water cock T. 
at the ſame time is mayed- the wye , which draws Ib, and 


ſhuts the hole 2. The cock f being open, the cold water ruſh-. 
ing into the cylinder, is thrown up againſt the piſton, and de- 
ſcending in {mall drops, condenſes the hot rarified ſteam, and 
makes a vacuum under the piſton. Conſequently the * | 
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put cloſe intb the Holes of che othiery and the iron euflar 4 
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8 
ee and hole 2; That! . dy 


oy 2 ider, „the —— Beam con ſtantiy moves up and 


ſeveral lengtlis are jomed thus; each 


diminiſhed, the piſton begins to deſcend!” The vaeuum is ſuch, 
. that about 8 15. "roſes upon (every: ſquare" ineh of — 


elaſtie foroe within dle boiler is never 10 ger or weaker. 
than; common air; if ſtronger, it would force water our of 
the feeding pipe. e . e 


2 DESCRIPTION WOO. Il . 
of ammefphere, Homage ne mot om , 'brings down the 
end- Ec which | raiſes er end EA, whith'aparkb 
8 * K. A. __ _ —— — 
the cold _ eto! And opens th hotel 2, and: the" 
= into the eylinder buch talzes e — reſſure of — at- 

ere; and the end D deſrends by» 
ſpears T. X ;- and che end LC ande aelvefons; ee 


ſean by turns within 


480 by which motion; the water zs drann up by! 
5 into trough Withiry the pit, 2andicartied>awity 
drifts or levels: At the ſame time, the motion of the bein 
works the pump' V RY; and raiſes water in che oyſter EF 

- Whew the engine is to teaſe working; che e ed 
out, and che col wer esel is kept doſe "while the end 
ZC is u mr. m7 year m fle net fo” 

The bene, uf Un Pen vide, dio pig u dsr Po 
inches; and” the bores of the pumps where“ che ſperes N T, 
work, ſhould be made wide” at the topp for E they Be trait, 


7 


more time is required to make à ſtroke, and tie Barrels are in 
danger of. Food i * * be raiſed — a 
great depth at one k the pumps ir danger of burft- 
ing; cherefore it is better ce malte 2 Or 3 D gras Prey 


7 1 


Ide get 07 rode Gas wsd in . Fes ende f 
0 or rods; A in | 

has a feu a and 
a hole 5; Whieh are made to fit; and cle ſtuds of one | 


drove uporr them to the middle 4, they are frmly fixt | 
There is never made a perfect vacuum is che cylinder; the 
as [oon as this: elaſtic forge-of che ſteam within,” is Auficiently 


or in ſome engines; not above 615. This engine will make 
13 or 14 ſtrokes in a minute, and makes à 6 foot: Ur Weng But 
the larger the-boiler is, tlie faſter ſhe will work. A cubic inch 
of waten in this engine, .wilÞ make 13340 cubic inches of team; 
whick therefore is 13 times rarer char commors air Bat its 


This 
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This engine deliver Neo hogſheads of water in an hour FIG... 


to the height ”— 60 f. 
of coals in 12 hours. | 
In ſome engines there 1s a differen: contrivance to bpen and 
ſhut the regulator; which is performed thus; as the beam N 
aſcends, it raiſes Gg, turns the wye 5GCED4 about the axis 
AB ; and/the weight © falling towards B, the end E ftrikes a 
ſmart blow on 7 pin L, and drives the fork EL towards ei 
which draws the 22 PO. towards L, and ſhuts the 
tor. And when the beam 92, deſcends, a pin in it puts 


She conſumes about 30 buſhels 


the end 4, and turns the axis AB, and ee e. g 


ing towards 5, throws the end D of the wye, againſt L, which 
moves PO, and opens the regulator: the ſpanner PO ſliding 
upon the horizontal piece O. There is a cord ron, fixt at 7, u, 


and he top of ae at to hinder it from rr 
each ſide. 


Likewiſe, for opening and ſhutting the injection cock; in- 


274- 
293. 


ſtead of the pieces rg, gf of the eff (fig. 274.) ſome engines 


have quadrants of 2 wheels H, I, with teeth, which moving 
one the other, opens or ſhuts the cock , of the injection pipe K. 
In ſome engines there is a catch, held by a chain fixt to the 
great beam and this catch holds the eff from falling back, 
and opening the cold water cock; till the riſing of the —_— 
PRE ARE and chen the falls. | 


6 coleulation of the cinder and pumps of the fire engine. 


Ik ir be required to make an engine to draw any given num- 
ber of hogſheads of water in an hour, from f fathom deep; to 
make any number of ſtrokes in a minute, by a 6 foot ſtroke. 
Find the ale gallons to be drawn at 1 ſtroke, which is eaſily 
found from the number of ſtrokes being given. 

- 5 number of ale gallons to ance pram I Hula. 
p = pumps diameter. 
| 5 diameter. 
Then p 


te piſton, to be. Ib. 
Then N | 12 


7 2 
Note, if inſtead of 7, you ſuppoſe the dam of the atmoſ- 
pbere to be I pounds; . of a 6 foot ſtroke to make 


ur fer frokey then p = v/ Dx. and . VB 15 
H . Ex. 


And K 5 mes of the amoſphere on en inch of 


274. 
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. 4B 3 8 D. * 12 . 
inches diameter, OOO X 


0 « 7 — 

wot FOO Ys i 
of rhe ce NAT, is a braſs pipe coming through the end 
of the cheſt at &; and at I it divides wes af 


under the ov CO, to the two Cas 
vity 2 le to the pump E. daa keen abore tis cava 


at #/ there is another cavity y, communicating with the pump 


E. And above the cavity y is. placed the valve 7, res 
wards into + EEE pot CO, from this cavity. There are 
the like cavities belong * che pump D; the firſt — ol 
2 valve a; the other from 

pot. Theſe cavities are made of hollow pieces of braſs. 


foromed — \Z is a cock, through which are two 


, one along the pi SZ. and another at the ſide of the 


Paſſages 
pipe into the cheſt NAd. This cock by turning the handle ce, 


opens one e ee as there is occaſion. 
Ar a leather be ſcrewed on che end , to draw! water - 
out of a well or river. 
PR is the conduit pipe reaching near the bottom. of the veſiel | 
CO, and ſoldered cloſe into the top of it. At R and Q are 
ſcrews, fo that the pipe may be turned in any direction, by the 
man that holds it. And at a copper pipe mult be ſcrewed 
on, or elſe a long leather one, which being flexible is carried 
into rooms and entries. Hl an iron axis to which the iron 
leavers FG, LK are fixt. This axis moves in ſockets about 
H, 1, which are ſcrewed hard down.” FX, GL two wooden 
handles fixt to the leavers to work them by. gh, p are two 
arches of iron fixt on the axis HI. fd, mn, the ſhanks of the 
piſtons, being two ſtrong rods of iron. Ig, bt, ig. mp four iron 

chains fixt at / g; and b, t; and, 2 and at m, p. At f 
and n are ſcrews to ſcrew the chains tight: theſe chains work 
For when M is put down, the chain g pulls 


the pumps. 
down the rod of the piſton fd. And when FX is railed, the 


chain 5 pulls it up And the Tame way the chains wi 


mp raiſe and de preſs the e piſton -mn. In ſome engines there 
are two arches, like bg, ip, fixt near the end I of the axis, 
and chains at them; from the ends of which, as alſo.from # 


and q, two boards are ſuſpended. Theſe boards ſerve for treadles 


for men to ftand upon, do help as 


the pump to the valve 5 of the 


ge NM COMPOUND ENGINES. 
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The veſſel CO and two pumps are incloſod in a cheſt AN, 71 0. 


and the whole machine moveable on wheels. The fore axle 

tree turning on à bolt in the middle, for the convenien 
turning to either ſide. But there are a great many forms of x Orc 
engines. In ſome the leaver lies croſs over, in others 2 


ways; in ſome there is no chain work, but only pins for the 


ons to move u 


When the engine is'to play; if it is by the water in a river 
| G. the pipe Xx muſt be ſcrewed on at 5, and the end x put 
into the water. But if water is to be fetched, it muſt be 


into the cheſt M, which runs through the holes T, into 


the body of the engine NV. Then turning the cock ce to open 
the proper communication; the handles Fx, GL, muſt be 
moved up and down by men; by which means water is drawn 
into the pumps E, P, and forced into the veſſel CO, and out 
of the pipe PR. For the piſton mn being raiſed, the water is 
drawn along the cavity 22, 8 e valve b into the 
pump E and when my is depreſſed, e valve h ſhuts and the 
water is forced into the cavity y, — — valve 7, and into 
r which cannot return for the ſhutting of the valve 


the piſton mn riſes again. And the like for the other 


D. — the piſton of one p down whilſt the 
pump D. up, the water is forced vin lags the veſſel CO, 
theſe two pumps; ſo that there is always water going in. 
d the air confined at top of the veſſel at C being condenſed, 
will preſs the water up the pipe PR9Y, and make it flow with 
a continual ſtream. the water in C be ee into half 
che ſpace, it will foree the water to 30 feet high. 
In ſome engines, there 3 pe as PR, coming 
3 h the copper pot, and through 
eſe two pipes may play both at once if chere is occaſion. 
And if es, th ed of on © el wp, 5 


Ex. LXXXVI. 

| \ This is the nobleſt machine that ever was Invented. 
12588 ed and conſiſts of ſo many parts, that it would 
ee eee ee 
RY are theſe, | 


4 che bull. e 


r | F theancentftaFand enſign. 
C the forecaſtle, © G the lantern. PO 


D the main deck. "3 Ede | 1 
*% H h 2 ; 74: 7 the 


* 


e ſide of the engine, 
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I the bowyſprit. 91 che crane- line. 
cable is * 


L the main-maſt. SEAL n cable fit. . N 8 


M the mizen-maſt. tt... 
N top- maſts. r 1. Main- lifts. 1 enn | 
O top-gallant-maſts, 2. Fore-brace. 
P fails. LEN 3. Main-top-fail-ſheats, - . 
9: yards. 43᷑. The fore-tacks.” 
NR vwunes. 5. Fore: top - ſail· clew- lines. 
ae nd fo 6. Main-top-ſail-leetch-lines. 
T. the pendant. 7. Fore-bunt-lines. | + 
V ſtays. x 8 8 8. Mizen-bow- lines. u 
Vu main-ſtay, Sc. 9. Main- top - ſail- halliards. 
W ſhrowds. SP And the like for the reſt 
| Tee. : ' ; of whe ale 
8 | | | W 


| Moſt of theſe ropes are for hoiſting the ſails, and ſetting 
them in a proper e to the wind. For the wind always 
acts perpendicularly upon the plane of any ſail; and urges the 
ſhip in direction of that perpendicular. And by the help of 
the rudder H, ſhe is made to keep any direction required. For 
if the rudder be put about to any ſide z the water (as the ſhip 
moves along) will act violently againſt it, and drive the ſtern 
the contrary way, or her head the ſame way, as the rudder. A 
ſhip with a briſk fair wind will fail 8 or 10 miles an hour. 
That any one fail may have the greateſt force to move a ſhip 
forward, it muſt be ſo placed between the point of the wind 
and the ſhips way; that the tan. of the angle it makes with 
the wind, may be twice the tan. of the angle it makes with 
the ſhip's way. | e * . 
When the rudder is ſet. to an angle of 54x deg. with the 

keel, it has the greateſt force to turn the ſhip,” and make her 
anſwer the helm. Ts METS 155 
. Becauſe the figure of a ſhip is the cauſe of her going well or ill, 
and of making more or leſs way through the water: I ſhall 
here give the conſtruction of the fore part of a veſſel, that will 
move through the water with the leaſt poſſible reſiſtance.” 
Loet DdAcC be the water line, or horizontal ſection of the 
water and the hull of the ſhip, AB zo feet, CD the greateſt 
breadth 20 feet, BC 10 feet. AeE the ſtem and part of the 
keel. Then the following table ſhows the length of every or- 
dinate, as bc, taken at the diſtance A, or A, 2, 3, Sc. feet 
from A; by which the curve AcC is determind. 


N r * 
4 
. 
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. COLD P 1G 
Ic length | length || length [length] © © 301, 
„„ Fer A | of be | of Ab | of be | | 


— 
- 
- 


i in feet | in feet in feet [in feet] 
55 1 8 8.3 7 

| 2 | 1.48 || 17 6.64 
i e. 
42.39] 19 7-19 


FFF. 
5 3.17 21 773 


; 7 354 || 22 7-99 | 
8 3.89 23 | 8.25 | 
| 9] +4221]. 24.851] 
10 4.85 25 [ 3.76, 
11 4-87 |]. 26 9.01 
| L.--1: I-44 438 27 | - 9.26 
ö 13 {| 5.48 28 | 9.51 
dn n #784} 29 9.76 
| a 15 6.07 }|. 30. | 10, 


—_ 


Tb practice is thus, having made AB zo feet, and accord- 
ingly divided it into 30 equal parts; at the ſeveral points of 
diviſion, erect ae x pare to AB, equal to the lengths given 
in the 2d col. of the table. The curve AC drawn through 
the ends of all the ordinates is the figure of the ſhip on each ſide. 
The curve AeE which the ſtem and keel make, muſt be the 
ſame curve as AcC; if the depth BE is ſuppoſed equal to BC; 
and the ordinates, be, BE muſt all be drawn perpendicular to 
AB. But if the depth BE be taken greater or leſſer than BC; 
then the ordinates muſt be taken greater or leſſer in proportion. 
Again if CDE be the ſection of the ſhip, made perpendi- 
cular to the axis AB, or horizontal plane CAD; and ced be 
any other ſection parallel to it; then whatever the curve CED 
is, all the ſections ced muſt be ſimilar to it. 
If a ſhip is required to be built either greater or leſſer than 
this; then it is only taking a or leſſer iength inſtead of 
a foot, and dividing it decimally, and uſing it inſtead of a foot, 
to meaſure off the lengths as in the table. 
- Likewiſe if it was required to have the breadth to be greater 
or leſſer than is here aſſign'd, whilſt the length remains the 
ſame; then it is only taking a proportionally greater or leſſer 
line, inſtead. of a foot, and ſetting off the ordinates bc by _ 
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710. And thus the requiſites may be altered at pleaſure, ſtill retain- 
301. ing the general conſtruQion. . 
| any ſhip nter thinks fit to build a ſhip according to 
this model, it will be found to move faſter through the water, 
| than any other ſhip of the ſame length, breadth, and depth, 
EE. - and of a different form. The form of the curve is truly re- 
| | | Preſented by the curve AC. 1 1 . 
But it muſt e | ipgigo es _— (he the be pu 
is not icular to the ordinate BC, but_m an 
3 of aback 6 degrees : to avoid this, it will be proper to 
produce AB a little further, and turn the fide AC, at C, round 
in a curve, as quick as poſſible. Or elſe make the 2 or 3 laſt 
perpendicular ordinates, ſomething leſs than in the table, that 
the part of the curve at C may be in a paralleliſm with 4B, 
as it * ; becauſe C is the broadeſt | 
But though the form here given, is the moſt proper for ſail- 
ing faſt; yet perhaps it may not be ſo commodious as the com- 
mon form, upon other accounts, as for the ſtowage of goods, 
Sc. Yet privateers and ſhips of war made to purſue the enemy, 
ought to be built as near this form as they can conveniently. 
For it is a matter of great moment, either to have it in our 
power to come up with a ſhip we are able to take; or elſe to 
fly from and eſcape from one of ſuperior force. | | 
That a ſhip may ſteer well, the water ought to come freely 
and directly to the rudder ; and therefore ſhe muſt not be too 
- ſhort from the midſhip to the ſtern,” and towards the ftern ſhe 
| | muſt riſe well, and be built very thin below, leſſening gradually* = 
= to the ſtern-poſt. Likewiſe ſhe muſt draw conſiderably more 
4 water abaft — afore. To carry a good fail, and alſo to avoid 
| _ .  rowling, ſhe muſt be made pretty deep in the hold. As to 
the dead work, or upper part of the ſhip, that may be left to 
the fancy of the builder; or contrived to anſwer ſuch 'conve- 
niences as may be wanted. N „ 
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277. KL an air pump. C, D two braſs cylinders, 2 or 3 inches 
10 diameter, and iy high, having hp ins. Pom | 

opening upwards. f, # two piſtons working in the cylinders, 

having two valves alſo opening upwards. FF a e gol 

upon the axis of the wheel or lantern E, which wheel by the 

teeth, moves the racks G, G; and by them the piſtons, within 

the cylinders or pumps. AB a table or plate ſup by che 

. | pillars IJ, J, I. I. H the receiver of glaſs, whi deat 


* 


\ 
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low 
with 
Ls dogs rope paſſes. - „ ing a 
glaſs tube ſtanding in the bucket of mercury. s communi- 
cating with the pipe no. K a cock under the table 4B to let 


When the air is to be drawn out of the receiver E, a wet 
lather is placed over the pl plate, anid upon that the receiver I, 
rg te rig right hand F, the piſton ? of the barrel D is 

takes off the weight of the atmoſphere ; conſe- 
quently the air paſſes out of the receiver H, through the ſwans 
and the hollow brafs P, through the valve 
cylinder D. Then the right hand F put down, the 
bottom of the cylinder 7) ſhuts, and the air paſſes 
the valve at 7: at the ſame time that the left hand 
; raiſed, "draws che air from the receiver, through 10 P, 
the valve into the cylinder C. So that by the motion 
handle FF up. and down, the air is at length drawn out 
f the receiver H. by the pumps C, D. And the rarity of the 
within the receiver, is known by the he t of the mercury 
the tube 75, which is known by the graduated frame, An 


ZF. 
e 


abſolute vacuum can never be perfectly made. For when the 


ſpring of the air is ſo weak, as not to be able to lift up the 
valves at bottom of che cylinders, no mare air can ods arg er 
The handle F is lately made 2 s one way; thus 
A is a crank turned by e handle F. e leader or ſword 
NN J, in the wherl Z. e 
e the file $ of the wheel, and when the crank 
—_— it chruſts down the fatne fide S of the wheel E. So 


the racks ate akernately raiſed and depreſſed as the crank goes | 


about. 
There are ſeyetal ſorts of glaſſes made "uſe of for the air 
As A receiver open at top, covered with a brafs plate 
and oiled leather at D, and kept down by the croſs piece EE, 
ſcrewed down upon the pillars 50. which pillars are ſcrewed 
into the table A of the air pump. 
H a receiver 8 
leathers X, through which goes ay EN fo ti 
tet no air in. 5 g up by the 
e 


MP is à transferrer 
RKands the receiver M. NVP a ho 


ing deen te 
plate. O a cock to open or ſlut the paſſage 


The cock O be- 


eee * 


in air into the pipe no, and ſo into the receiver, when there is | 
occalion. '- 


NE 0 er, on Wich 


0 
es now called the runs neck, communicates 110. 
ö braſs pipe 1 into 277. 
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r 10. cock being ſhut, the receiver and pipe may be taken away frem 
280. 18 00h 
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the air pump, the vacuum remaining in 4. 
L a receiver cloſe at the top Vith infinite others of lik 


which wheel is 20 feet diameter, and the axis 3 feet, and 19 


cranks, and fixed to the 4 leavers MN, 3 feet from the ends; 


1 4 : 4 8 9 . - 
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London bridge water-works. AB the axis of the water · wheel CD; 


feet long. E, E 26 floats 14 foot broad. G a ſpur wheel fixed 
to the axis AB, 8 feet diameter, 44 cogs of iron; this moves 

the trundle H, 41 feet diameter, and 20 rounds; H its iron 
axis. IK a quadruple crank of caſt iron 6 inches ſquare, each 
crank being a foot from the axis. The crank is faſtened to the 
axis at I, by help of a wedge going through both, which cauſes 
the crank to turn. L, L four iron ſpears belonging to the 


which leavers are 24 feet long, moving on centers in a frame of 
wood. P, P four force pumps of caſt iron, wrought by four 
iſtons or rods, NP. Theſe * are 7 or 8 inches diameter, 
aving valves opening upward. O a hollow trunk of caſt iron, 
to which the pumps are cloſe fixed. Qa ſucking pipe going in- 
to the water. R, R four hollow pipes, 7 inches diameter, and 
cloſe fixed to the lower part of the pumps; theſe pipes are cloſe 
ſcrewed to the hollow iron trunk S, into which 4 valves open. 
T a pipe communicating with the trunk 5, 2 which the 
water is forced to any height. There are alſo four forcers placed 
at the ends M, M of the leavers M, N, and working in four 
more pumps, to which belong other trunks and pipes, O, Q. 
R, S. At B the other end of the axis, there is placed exactly 
the ſame work as at 4; ſo that the great Wheel CD works 16 
pumps. There is alſo a machine made of cog - wheels and trun- 
dles, contrived to raiſe the great wheel as the tide riſes. The 
reat wheel will go at any E ch of water; and as the tide turns, 
> wheels go the ſame way with it; but ſtand ſtill at high and 
low water. e Hg ö 
As the great wheel is carried about by the tide, it carries 
round the ſpur wheel G, which carries the trundle H with the 
cranks IK, which by the ſwords L, move the leavers MN. When 
the end Mis pulled down, N is raiſed with the piſton NP in 
the pump P, by which means the water is drawn out of the ri- 
ver through the pipe 2, into the pump P; and when NP de- 
ſcends, the valve ſhuts, and the water is forced through the 
pipe R, wars. the trunk S, and along the pipe T into the 
town. And when I riſes up again by the motion of the cyanks, 


- 


/ 


es XI. COMPOUND! ENGINES. 41 
the-yalye in $ ſhuts; and that in the pump opens and more wa- » 1 0. 


ter riſes through the pipe Q into the pump P. And as 
cranks ſtand every way, there is always water 1 m/s 
the pumps; and ſome always forcing through R, &, T. When 
the tide is ſtrongeſt, the great wheel goes 6 times round in a 
minute. This engine is ſaid to raiſe 30 or 40 thouſand hogſ- 
| heads of water in a day. e r n 


* c by 
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The pile engine for NVeſtminſter-bridge. A the gr heel 
ee ſhaft D. MO, a trundle * — 
the cog - v * is to prevent the horſes from falling when 
the ram is diſcharged. B the drum or barrel on which the great 
rope is wound. C a leſſer barrel on which the rope L is wound, 
carrying the weight N. The uſe of this is to hinder the follower 
from falling too faſt. The barrels BC are moveable about the 

reat axis D. The cog-wheel and barrel B are fixed together 
y the bolt F, going through the cog-wheel into the barrel. 


ET is a leaver moveable about 1, going through the great ſhaft 


D; this lifts up the bolt F, the end E being made heavier by a 
weight; by which means it locks the barrel B; to the great wheel 
A. XI the forcing ber ge into the hallow- axis of the great 
ſhaft D; this reſts upon the leaver EI. XY a great leaver move- 


283. 


able about 3, the end X being heavier, which: wick the end r 


preſſes down the bar KJ, thruſts down the end of the leaver at 
F, erg. the 8 1 82 2 
rope fixed at A, gol the guides at R. G a 
— 2 were abou 2, the _ at I 8 bei 

preſſed with the great rope, forces the end K agai cat 

at K, and hinders the bar I from aſcending. When the rope 
H ſlackens, the ſpring 7 forces the end & from the catch, and 
the bar RI aſcends. ¶ the great rope going round the barrel 
B, over the pulley P, up to the top and over the pulley Q, 


then down to the follower, where it is fixed. T the ram that 


drives the piles, S the: follower, in which is fixed the tongs , 
moveable about the center. the guides between which the 
ram falls. At the inſide of the guides at R, where they are faſ- 
tened together, there are two inclined planes. At the bottom 
of the follower is a lit, to receive the handle 6 of the ram 7, to 
be taken up by the tongs V. a, b, c, d timbers for horſes to 


As che horſen go round, the great rope I is wound about the 


barrel B; and the follower 8, * ram T are drawn up, till the 
| 2 55 


d 


tongs . 


Fi „„ inclined planes, 


263. 


den the bar KI, which chruſts down the end FT of 
about the axis, the follower $ deſcends by its weight, till it 


284. 


theend 5 of che tongs takes hold of the handle 6, and 
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ends 4 4 together, . and lets che ram 
Then dhe follower 8 taking hold of che rope E, raiſes the end 
A, and depreſſes the end 7” of the leaver XY, which thruſts 


1 
e 


El, with the bolt F, and unlocks the barrel B, which. 


= 
a 


to the ram 7; and the end 5 of the tongs ſlips over 
6 of the ram. Then the rope # flackens, and the 
forces the end K from off the catch at top of the bar 
lets the bar riſe, and che weight E raiſes the bolt F, and 
the barrel B to che wheel A; and the horſes ſtill going 


Hh #9 


ram'T is taken up as before. 
All this machine is placed upon a boat which Frims ap te 
ho = rr | 


| | Ex. XC. | 
6 e eee wo this ls Gmc N 


the circle of iron BF. To theſe are fixed 12 leaves I, 7, 1. 


which reach no nearer the center than the iron circle. 1, 7 1 
are holes, ehrough which che air pnſſes into the cavities between 


the leaves. There is the ſame croſs and iron circle on the other 


ſide, but without any hole. Thr the center of both fides 
is put an iron axis and fixed chere, and. on the further end a 
handle is put to turn it by. This wheel is encloſed in a caſe 
which juſt touches the of all che leaves. But the rim or 
out edge KK is at a {mall diſtance from the ends of the leaves. 
On this ſide or flat of the caſe; there is à hole left 

the holes 1, 1, to let the air through; the other flat is cloſe. 


LOC is he akin ͤ IIOs Bae „ r ſo 


as to communicate With che cavities, by the is 
the blowing pipe, and is another wooden tube communicating | 
with e of the caſe. The axis turns upon two concave 
ieces of metal fixed to the caſe, the handle being on the back 
de of the figure. abed is a thin ring of wood faſtening the 
leaves all together; and the like on the other ſide. On theſe 
rings are put two circles of blanketing to. go loſe c the cat, 
alſo upon the iron circle EF. 


The frame being fixed, and the handle turned about in the 
order BCAD. The motion of the leaves moves the air very 


fwiftly to the outſide, which being confined by the rim, is forced 


e G; whilſt new air aſcends * 
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oles 1, 1, into the cavities between the leaves; and 

| ſo thrown out of the wheel, through the blowing pipe G. 
If the pipe LM be continued to the place where” any foul air 
57 it wit ſoon be thrown out through the tube G, and 
diff op Or if che tube EM communieate with the 


74 cl. 


ente Renee per i age end . A and 
FU cavities ; FO, KB two open pipes, flxed to the baſons at 
K and O, GHI and CDE two curve tubes open at botlv ends. 
When the fountain ſtands on the end A, pour water in at O. 
Then turning the fountain like an hour- glas upon the end B, 
| ill deſcend through the pipe CHE, and ſpout out at 
E The air paffing up the Pipe O to give it liberty. The wa- 
ter falling down upon the baſon EN, runs through the n 
ö cavity” B.” "And the fountain being vurned, 
TC GH, ab 
Ando being turned, ft will play a-freſh as often as you! 
Note, while the jet E is playing, if the end © S 
be — 2 the finger, the jet will ceaſe Long Ar 
e pat e e — m be 
2 = ops 01 10 ES XC: (xt, 
vow YOT ii DAK Moi 03.30 zugt A 
_—_—_ Wen barometer- l inall robs open ben — 
ceinetited in thi neck Ef Ge bocdle CE. Then the bottle being 


I in water tin ed — — 
a5 it cools.” 


higher Place, a \ 1 decreaſe in-the air s gravity, will make 
the water riſe ſenſibly in the tube. This may be made uſe of 
to find the level of places. But it Is ſudject to this incoomve- 
nience, that it is a thermometer as Wel as a barometer, the 
leaſt alteration! of heat, raiſing the water in the tube. To __ 

vent Which, it muſt be e in a veſſel of ſand : and then 
the air included in the bottle, A of 
Heath at leaſt for a ſmall — | 3 
12 | 


\ 


= 


out OO i 


a Rete warmed! to drive out ſorne of the” 2 gs im- 


very Tal Yaromeres; 8 or Fir 2 to any | 


the Selig pigs ipe LM. paſſes through the hole in the frame, and * 
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. ADOF'is & jet Dean... AB the 8 — Mo Fs mater 16 
| kep t. CDIO che ipe of conduct, which . conveys water from 
_ reſervoir. O the cock, or adjutage, being a ſmall hole in 
a thin horizontal ? late, fixed upon the end of the pipe, through 
which the water flows. OF the jet of water, ſpouting up through 
the hole O, which deſcends again in the ſtreams FE and FA. 
OF the height of the jet. AG the horizontal height of the wa- 
ter in the reſervoir. If the part LIO of the pipe of conduct, be 
buried under the ſurface of the water KH, and be inviſible ; 
the jet will ſcem to riſe out of the water KH, as in many artifi- 


dial fountains. 


The adjutage is ſometimes made conical, but the beſt fort for 
—— higheſt, is a thin plate with a hole in it. The bore of 
ht to increaſe with the height of the reſervoir, 
po 7 lar ig —— the higher the jet will go, provided 
the pipe of conduct be enough to ſupply it with water. 
Pipes of conduct ought not —— made with elbows, but to turn 
5 — in a curve as DIO. The diameters of pipes of con- 
duct ought at leaſt to be g or 6 times the diameters of the adju- 
tage, or elſe it will not ſpout ſo high. If a reſervoir be 50 feet 
high, and the adjutage half an inch; the pipe of conduct, 
ſhould at leaſt, be 3 inches; or if the adjutage be an inch, 
which is better, the pipe of conduct mult be 6 inches. And in 
theſe caſes the jet will riſe to the greateſt height it can have. In 
2 the diameter of the adjutage ought to be nearly as the 
quare root of the height of the reſervoir. And if you would 
have the velocity in the pipe of conduct, to be the ſame at all 
heights, of the nb that the friction may not increaſe too 
much; then the ſquare of the diameter of the pipe of conduct, 
muſt be as the of the diameter of the aqjutage. When 
water is carried a great way through pipes, = friction of the 
pipes will diminiſh its velocity, and the jet will not riſe ſo high. 

A jet never riſes to the full a 85 of the reſervoir. If 
the height be 5 feet 1 inch, the jet will only riſe 5 thus 
the jet OF wants the ſpace F 45 height of 

the defect FG is as the 2 of the A" 
OG. - But ſmaller jets fall ſhort more than in proportion, being 
more retarded by the reſiſtance of the air. The greateſt j jets ne- 
ver riſe 300 feet high; for the velocity is ſo great, that the wa- 
| er is dip into im drops, wee een of thn If 


ati laren „ t et gn Abb 
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a ball of cork or light wood be laid at F, it will be ſuſpended P30. 


by the pillar of water, and play dee wichen falling. 
Ex. XCIV. 


E 11 4 . ec hard, for weighing vaſt * IG, 


a two leavers moveable about B and E. LE, MB two fixed 
eces. AC a croſs; bar. ſupporting the end C, and moveable 


1 A and C The center of of 1G and ACis 
in B; and of CK and the hook DN, in E. H the weight to be 


weighed ; F the. counterpoile moveable along the graduated 
| leaver BG. The: machine is hung upon the hooks at L, M. 


Here e een en 
Ex. XCV. 


43 is x borſe mill to grind corn oe er, M 
bopper,. E the 


B the lantbern 1 7 7 rounds; 4 
Rog! G the two mill-fones. H a leaver or arm 8 42 long, 
going into the axis D, of the great wheel; 7 the traces to which 
one or two horſes are As the horſe goes about in the 
path 123, he draws the arm H, which turns great wheel C, 


and this drives the trundle B with the ku on 7 5 which. 


r A, = fal- 


into the ſhoe E, runs through a hole a top of the ftone Z. 
an here BE e eee e 


fer the corn; the corn is put into the 


floor. N ee i 
Me Ex. XCVI. 


AB a lifting. flock, ſet perpendicular; its uſe is to alle” a 2 
weight. LO is a flit going through it, in which there moves 
h 8200 leaver CD. II, two. ſets of holes; into which goes 


ins G, H. "Whes che: ht W is to be raiſed, it is hung 


ow hoo and chain at the end D of the leaver. And the pin 


C being put into the firſt hole I; and the end C being put 
down, the other end with the weight is raiſed, and then the 


287. 


288. 


294. 


295. 


pin ¶ is put into the ſecond hole K, under the leaver 3 then the 


end C being raiſed to E, the pin G is put into the ſecond hole J. 
Then E being put down to C, and the end F raiſed, the pin H 


is put into the third hole K. Thus the leaver and pins being 
thus ſhifted from hole to hole, the ringed W is 8 1 degrees 


ig * * 
5 HU. 


E x. 
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5; 0 4 n 
8 ity It FF, 48 0. 4 U 


e We a 10 18 fie » EM Yes 


A 105 gin, for raiſing water. AB «large water-wheel carried 
by the water . C and D two cranks, upon the axis, on each 
ſide the wheel, Ag contrary ways EF, GH, "two pieces of 
timber moving t on — crank To and D, and move- 
able at thi hemmt BH, tg ins. Fl, HK two beams, 
moving on the axes L and N two Arches With chains fx. 
ed to them, by means of which tie pumps O, Mare . 5 


When the water-wheel goes about, due crank 1 C | 
the bar EF, together with fie TP of cls Br Jad $46 at 


the ſame time raiſes the end 7, which draws the water up. in 
the pump O. In the mean time the other crank D is raiſing 
the end H, and depreſſing the end K. When by motion of the 


Wheel, the crank C begins to aſcend, the end / begins to de- 


. 


ſcend, and the end K to aſcend. So that one beam goes up 
whilſt the other oY down, and there is mh, one ya 


worki 
a EK. NMI. + o 5 


comer Mr" A We l Bits de. RPS 
* e Za ſpur. heel carrying the two drums C, D, 


and the rollers CR, DH to which they are fixed: 4, a, Oe. 1 


298. 


or 12 pins, or cogs fixed in either roller, qually on all fides. | 
b, b, Sc. 10 or 12 peftils, 10 feet long, rr 
broad, armed with iron at the Bottom; in theſe peſtils are pins 
fixed to anſwer the pins a, 4 which ny them 5 as the rol- 


lers turn round. , m, St. are wooden mortars, into which the 


peſtils fall, each mortar will hold about 20 lb. of oh 09, 
IK, LN are timbers through which the peſtils wo and ſerve 
to keep them dire&. | ; 
The materials being put into the mortars m,m; 28 the mill 
3 about; the pins in the rollers, take up che Peſtils b, þ by 
cir pins, and when theſe pins ge off, the peſtits fall mto the 


mortars n, m, and beat the i edients to a paſte. And as theſe 


cogs are placed on all ſides the circumference” of the rollers, 

there will be always Hite h ek. 15 orherd e 

in a =: e i r en 

ae e We C79 xc. __ vt ob e 
A crane or 5265 to mite a great e and keep it in wy 

poſition. AB a uble wheel for a man to walk in; en a ſpur- 


wheel 


\ 
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| Sect. x0, .. COMPOUND BNOINES. 1 
n E, H & ate three wheels alſo fixed 10. 


one axis, of which Gis of wood, and and Eis moved by CD, 298. 
is & carch roving on the pin g this falls in between the 

gore gong upon te KLM a half ring of iron, in which is a 
grove, gd of the wooden wheel G. NMa 1 
n the rin at M, and to the leaver PN, „ 
pee: of finder redo ing M. N. The leayer PN is move- — 
able about the center O. a wooden rod, reaching to the = 
catch IH. e VXI the 
Oh ee mel to, raiſe the 


wheel 1 55 goes round, te r with CD, the 
es the wei Z The wheel CD drives E, to- 
_ Sith Fand G; an LE the catch 7H ſlides ol 


over-the teeth of the wheel F; and the motion being 

the catch TH acting againſt the teeth of F, Baden the 

F from turni Cw and ſp keeps the weight / ſuſpended. 
But if you p at the l le it raiſes the leaver 10, and 


| cxuting th rod A 
of the Wheel F, lets the weight l deſcend. Ay Ke 
ſcend too faſt, the leaver . is to be raiſed higher, by 
at the ſtring TS, and this depreſſes the end IT 
and draws down. 2 3s, whe it i ring 
which ring being drawn ſt the wheel 6, Tops th 
motion, & regula x eas | 


Ex = > 


Ai engine for drawing water. A the cog-wheel, 10 feet dia- 299. 
meter; B its axis, running in the — FFFF, and on the 
foot Z. C a trundle 3 feet diameter, K its axis 15 or 20 feet 
long, running in the ſtocks G, G. D, D two cranks of iron on 
oppolite ſides of the yxin and a feet long. P, M two beams 
moving upon an axis in the frame SSSS. PD, RD two rods of 
wood or iron, reaching from the beams to the cranks, moveable 
about R and P; and turning round on the cranks D, D. 1, 1 
two rods of iron, fixed to two. chains that go over the arches O, 
Q and to two piſtons that work r * J. E the tiller : 
to which the horſes are yoaked ; 1 2 3 4 the path in which the 
horſes go round, H, H, the ſurface 25 the earth. The te 
4. and trundle C are in a pit; the. axis K under ground; and 
e 0. Dy are in a pit. 
When the hot ries, walking in che ring 1 2 3 4 draw about the 
eas abe. by ths giler * his. es C, with. the 
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FIG. 


299. 


cog-wheel D, and 
1 the axis 


n i . 


B; theſe rounds are fixed 


a fixed frame 6 or 7 feet long, and 4 feet broad. 22, 22, Sc. 
are whorles, carried round by the leathern belt IXLIH. Theſe 
whorles run in iron ſockets at the bottom of the frame, and are 
kept in their places by the ſnecks 3, 3, fixed to the upper ſide of 
the bottom part of the frame; upon the ſpindles of theſe whorles 
are put the bobbings, with the thread or worſted. The ſpindle 
and whorle is repreſented at a, the bobbing at 5, the bobbing 
with the worſted on it at c. The length of the whorle and ſpin- 
dle is 10 or 11 inches, length of the bobbing 6 or-7 inches ; di- 
ameter of the whorle where the belt runs, * an inch; dia- 
meter of the bobbing at top 14 inch; at the ſmalleſt part 4 of 
an inch; theſe are for worſted. The whorles may be taken out 
of the ſnecks at N and they are kept in theſe ſnecks, by a 
feather put acroſs the ſlit through two holes. The VEE 

| FO | ey 
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| theyulefor thread are repreſented at 4; é is piece of lead which r 1 0. 
2 upon the top of the ſpindle to keep down the bobbing : / g 4 
are two wires fixed in it, for the thread to run through, from the 
bobbing to the reel, the diameter of the whorle about half an 


inch. The number of ſnecks, ſpindles, and bobbings on one 
ſide of the engine is 20 or 24, that is 40 or 50 in all. 4, 4, &c. 


of the frame, for the thread to run 


are wires in the 
bs bigs, the number of wires are equal to 


through from the 


the number of ſpindles. Alſo in the horizontal beam are 


the ſame number of wires, 5, 5, 5, Sc. to direct the thread to 
the reel. , n are rollers for the edge of the belt to move over. 
6, 6 are two hanks upon the reel. hen the belt grows ſlack by 
ſtretching ; the frame MM is drove back, by means of a wedge 
$,- and fo kept at a greater diſtance from the roller G. 

The trundle C may be taken off, and ofhers of 'more or 
fewer rungs put on, as occaſion requires, by lifting the end 7, 
of the axis of the keel, out of its ſocket ; and the finer the 
thread, the fewer rungs it muſt have. The circumference of 


the reel DE for worſted is 4 feet, 4 inches; for thread is 3 


feet, 5 inches. | | 

When the thread or worſted is wound upon the bobbings, by 
the help of a wheel, they are put upon the ſpindles, as C; and 
then put within the belt IKL under the ſnecks 2, 2 ; then the 


e A being turned, carries the oy Tai B about, which 


drives the drum F, and the barrel &, the barrel G moves 
the belt in direction IL about the frame MN, which reſting 
on the whorles 2, 2, moves them, and the whorles and' bob- 
bings very ſwiftly about. In the mean time, the drum C, is 
turned round by the axis of the cog-wheel B, and C carries 
about the ſpur wheel D and the reel, with a ſlow motion. So 


the threads being put through the wires 4, 5, and fixt to the - 


reel, theſe threads will be wrap't about the reel and make the 
hanks 6, 6; as many as there are bobbings. When the hanks 
are of ſufficient bigneſs, they muſt be taken off the reel, which 


is done by pulling out the pins 1, 1, and then one fide of the 
al in, and the hanks ſlack't, and may be taken off 
one after another, by lifting the end / of the axis, out of its 


reel -will fall 
ſocket, | | | 

The double yarn, Cc. is to be wound pang on the bob- 
bings, as at C, making it broadeſt at the low end, otherwiſe 
it will not come freely off the bobbings, without breaking. 


The frame work conſiſts of perpendicular beams fixt in | 


others lying horizontal, as deſcribed in the figure, the breadth 


from A to being 9 or 10 feet. The lower part of the frame 
75 — XK * MN 
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+ DESCRIPTION (on. | 


A 


. ? 
We. * 


MN conſiſts of two elliptical pieces, cut out of boards, and 
ſet at about a hand's breadth di one above the other, with 
pieces of wood between. In the lower (which is broader than 
the other) are the ſockets, in which the bottom part of the 
ſpindle of the whorles move; in the upper, the ſnecks are fixt. 


e art OP, in which are the wires, is an elliptical piece 


303, 


like the under ones, and fixt thereto by 4 perpendicular pieces 
or pillars of wood. All the reſt will be plain from the figure. 


Ex. CIL 


AEKF is a clock. The different forms and conſtructions of 
clocks are almoſt as various as the faces of thoſe that make them. 
The following is a common 8 days clock, KF is the moving 
part; AE the ſtriking part. 1 

The work contained between 2 braſs plates is as follows, F 
the firſt or great wheel of 96 teeth; G the ſecond whee] of 60 


WH teeth, its pinion g of 8 leaves; H the third wheel of 56 teeth, 


its pinion + of 8 leaves; I the balance wheel of 30 teeth, its 
pinion i of 7 leaves; and K the balance. Likewiſe A the great 
wheel of 78 teeth; B the e wheel of 48 teeth, þ its pinion of 
8 leaves; C the hoop wheel of 48 teeth, c its pinion of 6 
leaves; D the warning wheel of 48 teeth, and its pinion 4 of 


6 leaves; E the fy, e its pinion of 6 leaves. 


The ends R, R, of the arbors of the wheels 4, F. come thro” 
the face of the clock, and theſe arbors are fixt in the barrels 


P, P, of 6 or 7 inches diameter; and on theſe barrels, the therm 


302. 
303. 


ſtrings Tt are wound, which go round two pullies with the , 


weights, that carry the wheels about. Theſe two barrels are 
moveable round about within the wheels, but are kept from 
turning back, by the catch & and its ſpring, and the racket wheels 
© fixt to the barrel. The weights are wound up by help of 
the winch or handle 11. In the rim of the wheel B are 8 pins, 
which as the wheel goes round, thruſt back the end 5 of the 
hammer O, and when it goes off the pin, the ſpring 7. makes 
the hammer O ftrike againſt the bell V : 

The wheel C has a hoop upon its rim, which is cut away in 
one place, to let the end 2 of the detent fall in. In the rim of 
the wheel D, there is a pin which ſtops againſt the end x of 
the arm wx, and hinders the wheels turning about. 1000 

On the axis op is fixt the two pieces vs, and the detent, 1 2. 
On the axis gr is fixt two pieces wy and the lifter 3; and on 
the end r of that axis which comes through the fore plate, is 


put the Iſter 10, and pinned faſt on. 155 
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The arbor of the wheel G comes through the face; upon this x 1 0. 
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arbor between the face and fore plate, is = the wheel z of 302. 
er 


20 tecth, its arbor being hollow, and un 
the braſs ſpring I, with the concave fide upward, this ſpring 
having a ſquare hole in it, to fit the ſhoulder of the arbor of G. 
The wheel Z of 40 teeth turns upon a fixt pin or axis, and is 


driven by the wheel z. The dial wheel F of 48 teeth, is put 


with its hollow ſocket upon the arbor or ſoctet of z, then the 
face being put on; their ends come through it, and the bour 


band E is put upon the ſquare end of f, and the minute pointer 
, upon the end of z, the wheel 2 being thruſt down Eg bend 


the ſpring, and then a pin put in to keep it there; the pinion 
of Z, called the pinion of report, has 8 teeth, and drives the 
wheel F and the hour hand. Now the ſpring s keeps the wheel 
z pretty tight upon the axis of G, fo that G will carry it about 
along with it. And if the minute pointer be thruſt about, it 
will force about the wheel z, and alſo Z, and likewiſe F with 
„„ 0+ ;  OC 
The arbor of the wheel A goes through the Back plate; 
upon it, behind the plate is put the wheel / (or pinion of re- 
port) of 28 teeth, and pinned there. The double wheel XY 
is carried by Y, and turns upon à pin fixt on the back of the 
plate. The wheel X has alſo 28 teeth, and the count wheel T 
is divided into 11 parts of unequal lengths, according to the 
ftrokes the clock is to ſtrike at every hour; part of this wheel 
is repreſented at . A flender ſpring is put on with this wheel 
to keep it tight. This part may be made more ſimple, by 
leaving out the wheels Y, I; and putting 7 upon the axis of 
A inftead of “; but it muſt be put on the contrary way 
The arbor of the balance Wheel 7 comes through the fore 
plate; "almoſt to the face, and through a hole in the face is 


put the hollow ſocket of the ſecond pointer 123 and this ſhows | 


the ſeconds by a ſmäff circle divided into 60 parts. And the 
face is alſo divided int6rwo circles, Rang hours and minutes. 

The pendulum hangs an the fixt piece of braſs M, by à but- 
ton at top, and a 3 of braſs” going into a flit at AA, 
and a flat piece of braſs goes into the fort L, ſo that if the 


pendulum moves, it muſt move the rod KF, and balance K 


along with it. VF 
e pallats 8, 9 of the balance K, are ſo formed that the 


under: ſide of 8, and upper-ſide of 9, where the teeth of the 


wheel J act, are poliſhed planes; and made ſloping, ſo that a 
tooth ſliding along che N of the pallat 8, will force 
6 ; | . ; 2 r | - 1 ieee . | , 


* 


the 


the wheel is put 30g. 
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DESCRIPTION; oOo 
the balance K to the left hand; and a tooth ſiiding along the 
upper ſide of che pallat 9, will force it to the right. * Tor 

The work is put together, by ſetting the teeth together that 
are mark't in the wheel B and in the pinion c, and likewiſe in 
the wheel C and pinion 4. Then the minute pointer is pur on 
the arbor of z, mark to mark; and the hour pointer the ſame 


way on the arbor, of . And the wheels 2, Z, F are ſet to 


one another according to their markas. 
The weights hanging upon the wheels A, F ; and the pen- 
dulum made to vibrate, the wheel F drives G, which drives H, 
which drives 7; then whilſt the pendulum vibrates to the right, 


a tooth ſlips off the pallat 9, and in its return to the left, a 
tooth ſlips off the palſat 8, then on the right another goes off 


9, and ſo on alternately; and the weight cauſing the teeth to 

act againſt the pallats of the balance, keeps the pendulum in 

motion; and the wheel I goes round in a minute. 
As the wheel G goes round it carries about z, with the mi- 


nute pointer once round in an hour; 2 drives Z, which drives 


F once round in 12 hours. Whilſt the Wheel z goes round, 


the pin m raiſes the lifter 10, which lifts up the piece 3, and 
the arm ux; the piece 3 raiſes the detent. 1 2, r 


vs; the end 2 of the detent being raiſed above the hoop, the 


wheel C moves about, and by the oblique. figure of the end of 
the detent 2, it raiſes the end of the detent higher, and alſo 
raiſes s out of the notch of the count Wheel. Then the wheel 
D turns round, till the pin in the rim ſtops at the end x, which 


. hinders the motion. But as the wheel, z goes further about, 
the lifter 10 falls down off the pin, t with the piece 


wr, and latch 3, which ſuffers the Wheel D, and the reſt to 


turn round; and the pin-wheel cauſes the hammer to ſtrike ſo 


once in 12 hours, 


often, till the end 5 falls into à notch of the count wheel, and 
then the detent 2 falls into the vacancy. in the hoop, and locks 
the work; which continues ſo till the next hour, that the piece 
10 is raiſed again; and then ſhe ſtrikes as before; the Wheel 
C goes round every ſtroke of the clock; but ſhe ſtrikes 1 more 
every ſucceeding hour, becauſe the teeth between the notches are 
made longer and longer in the count wheel; and it turns round 
ans 92 PE ART, os ALLEN 
General. rates in all docks. mn. 
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In the riking part, the pin wheel being divided by the 


Pinion of the hoop wheel, the quotient ſhews the n mber of ; 
Pins in the pin wheel, — _ N 


2 . 
ey | If 
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If 78 be divided 2 number of pins, the quotient ſnews 10. 
the fr Pear; that the pin wheel ee for one revolution of 302. 
Ade hon wheel divided by the of the warning 

The w vi on W 

wt be/a-mhole.number., on — 

In the moving part, che bas is ihe number ef beats the 
clock makes in an hour; which is 3600 if ſhe v ſeconds : 

in this caſe the balance wheel muſt have 30 teeth. 

4 G ene of G divided by the pin and ſhews minores ; chen 

e quotient vi ion of H, mul d 
the quotient of H divided by the pinion of 7, and 3 
ply d by twice the teeth in I, muſt be equal to the train. And 
hs beats ſeconds, then the e yrs 1 muſt 

o. 

If alſo. G ſhows the hours, then we quotient of f divided 
by the pinion of Z, multiply by the quotient of Z divided 
by 2; muſt be 1 2. ” ra A 

From the great wheel to the balance, the wheels drive the 

inions but to the-dial wheel, the pinions drive the wheels; the 
— quickens, the latter leſſens che motion. 

Any wheel being divided by the pinion thay nde in i 
ſhews how many turns that pinion hath to one turn of the __ 
a —— Fang dee een ee thus, | 


5) 60 (129 times Or thus Woes = 72 times. 


"The wei of FITS) wheels and pinions- tha work in one 
another, are = down thus, ages 


4) 36 36 (9 rimes 

5) 80 (10 times 

5). times ; 
5) A ＋ times | bc” 
—— | OY ih <> 
mY he pee? x; 0 "do N on the left hand of any wheel 
is the pinion that it drives; and the number over it is the 
pinion on the ſame axis. In the latter way the ſeveral fractional 

quantities repreſent che quotients. 

Any wheel and the pinion it drives, will have the ſame mo- 
tion with another wheel and = when their quotients are 
equal. Thus a wheel of 36 rives a 8 of 4, all the ne 
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Wonne e e Hor e ee e e 
In any motion you may uſe one wheel and one pinion, or 
elſe ſeveral wheels and ſeveral pinions, provided they all give 
the ſame motion. Therefore when à number is too big to be 
cut in one wheel, you may divide it into two or more quotient. 
In a wheel and pinion that work in one another, cheir dia- 
meters muſt be as the number of teeth in each. And the dia- 
meter muſt be meaſured, not to the extremity, but to the mid- 
The excellency of clock-work, conſiſts in forming the teeth 
truly, and to fit the notches exactly without ſhaking, and to 
play freely; the teeth muſt be cut into the form of cycloids, 
which reſembles the ſhape of a bay leaf. e 


„„ rr 
n 


bob pretty heavy, and to make but ſmall vibrations; and for 
more exactneſs, to play between two cycloidal cheeks; and the 
longer the arms K 8, Kg, the eaſier the clock goes. The 
length of a ſecond num is 39 * inches. See the theory 


of oper in Prop. XL. XLI. LVII. < 


he pallats 8, g, are here formed after the common way: 


but there is another way of forming them. From the center 


of motion , deſcribe two ſmall arches. a, and di. Theſe ſmall 


lines or planes ag, and d, and alſo the working fide of the 
tooth a, muſt all range to * the center of the balance wheel. 
And the ends of the pallats ay, and dn, muſt rapge a little 
to the right hand of the center b. Then the teeth of the 
balance wheel will fall alternately on the ſides aß, and 9, 
And any tooth, whilſt it acts againſt ap, or de, will have no 


effect in moving the pendulum; but lies dead, till it makes its 


eſcape, off the angle « or d; and then in moving along the 
plane ay, or 9, it forces the pendulum to the right or left. 
But the conſtruction will be better thus; take br, dee each 
equal to x ad, . From the center v deſcribe the arches ag, d:; 
and let the ends ay, du, range to p. Or perhaps it may anſwer 
the end as well, to deſcribe ag, and d, from the center 9, 
and let the acting fide of the tooth, range (not to x, but) to v 
the outſide of the circle deſcribed with the radius 2 = 4 . 
The inconvenience of any of theſe conſtructions, is, that the 
pallars are too thick, and can hardly find room to fall in be- 
wween the teeth of the balance wheel, ; 
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PETER er ale 32% (21 | eee 
Ac is a cutting engine to cut the teeth of elock wheels. AC 


a. grove in the end C: this is made of ſeveral plates of iron ; 
fixt to one another with ſcrews, and fitting cloſely to the edge 

of the and to the ſides of the grove, and hkewiſe to the 

upper and under ſide of the plate; this is to cauſe it to move 0 
truely along the grove when forced forward or backward, by i 
the ſcrew at I and its handle; for this ſkrews through C, and 


turns round in a collar in the end G. The end of this ſlider 
turns up perpendicular; to this is fixt the part F by a pin K 
which goes ſquare into this part, and through a round hole in 
F; ſo that the part F can turn about the ſcrew pin K, and 
may be fixt by turning the nut 2 with the key 9, which nut 
ſcrews upon the end of the pin. e OE | 
B is a braſs wheel of 96 teeth, carrying the pinion D of 12 
leaves x; theſe move between the cheeks LL, MM; which are 
joined by the croſs bars NM, and P; theſe cheeks and their ma- 
chinery turn round on the axis LM, in the part F. F is the 
cutting wheel, whoſe edge is nothing but a file to cut the teeth, 
as it goes about; this goes upon the arbor of the pinion D. 
There are a great number of theſe cutting wheels, of different 
ſhape and bigneſs; which may be taken off the arbor and others 
put on; theſe parts are deſcribed at a, &, c, d; à the pinion 
and its arbor, & the cutting wheel going upon the arbor which 
is octagonal, and fits it exactly, having the ſides marked that 
are put to each other, c a hollow / piece which goes on the ſame 
axis; and the nut d ſcrews on the end of the arbor, to keep c 
and the wheel 5, faſt on. The ends of the arbor are hardened 
ſteel; and pointed; and this arbor runs between the cheeks . 
LM, through which cheeks there goes 2 ſcrews, with holes to 
receive the points of the arbor; and theſe ſcrews are ſet to a 
proper diſtance, by ſcrewing them in or out by help of a key p, 
going on ſquare upon the end, and then the ſcrews are lock't 
there, by the nuts O, O. rs is a ſpring, fixt with one end to 
the under - ſide of the croſs bar N; and the other end 3 lying 
upon the plate Al, and this ſpring raiſes the part LULMM, 
when the notch is cut. u is a ſcrew pin going through the 
bar P, its end à reſts upon the plate AF, | hinders the 
wheels from deſcending lower. 1, 1, are two ſcrew'pins, which 
ſcrew through LM, by help of the key p, and go with their 
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'x.1.6, Points into F, which has two holes to receive them, theſe pins 
304. are lock't-to L, M b turning the two nuts, which alſo ſcrew 
upon the pins. Theſe ſcrew pins, nuts, and cheeks, all turn 
round together in the holes in . 
H is the dividing plate, being a braſs circular plate 1 or 16 
inches diameter. This plate is fixt to a hollow braſs ane | 
an inch in diameter; and this axle goes through the two plates 
AI, EE; and both the wheel and its axle turn about together; 
the lower plate cannot be ſeen, but is repreſented at R. Near 
the edge of this plate, there are 24 concentric-circles, each di- 
vided by points into a certain number of equal parts, viz. 366, 
365, 360, 118, 100, 96, 92, go, 88, 84, 80, 78, 76, 72, 
70, 68, 64, 62, 60, 58, 50, 54, 52, 48. The uſe of. theſe 
are to divide a revolution into any number of equal parts, ac- 
cording to theſe different circles. STRESS Eee 
ei is an arbor going through the hollow axle QR, with the 
ſhoulder & againſt the top of that axis, then the nut u is ſcrewed ' 
upon the end i, to keep it faſt. . is the wheel to be cut into 
teeth; there is a hole made in the center, juſt to fit the part ge, 
which being put on, and the piece ] above it, they are then 
ſcrewed hard down with the nut & going on the end . Then 
if the wheel N be turned round, it carries about with it the wheel 
m. There are ſeveral arbors ei, for fitting different wheels m. 
8 wy is a moveable index, it turns about a nail, as a center 
in the end wv, there being a lit in it, to let the bottom of the 
ſcrew x paſs through as it moves. y is moveable back and for- 
ward, and may be fixt any way by the two ſcrews. 2 is a ſteel 
point, which moves along the circumference of any circle you 
require, from one point to another. T is the winch to turn 
ag wheel B; 2 is the handle to pull down the machinery near 
e plate. | e ö | 
40s uſe this machine. An arbor ei proper for the wheel m, 
which is to be cut, being put through the axis . and ſcrewed 
faſt, as appears at R; and then the wheel » and the parts k, / 
put on above Q, and ſcrewed faſt. Looſen the ſcrew x; and, 
moving the index vy till the ſteel point z fall in the circle, 
containing the ſame number of parts, the wheel is to be divided 
into, there ſcrew it faſt with the ſcrew x. Then putting on the 
cutting wheel F proper for the work; turn the handle and ſcrew: 
J, and drive the machinery with the wheel F towards 2, till 
the edge of F lie juſt over the edge of the wheel m to be cut 
there fix it by the handle /; and. turn the wheel H till 2 falls 
into ſome point of the circle; then take hold of the handle &, 
and pull it down, till F falls againſt the edge of n; then hold- 


ing 


Seck. XII. COMPOUND. ENGINES. 
ing it chere with one hand, turn the winch 7 with the other; x 
554 which carries about B, and this drives D with the cutter , and 304. 
this motion cuts a notch in the of n, and when it is deep 


ders it from going 
till 2 f 


n 


enough, the pin tu (properly ſer) ſtops at the plate AC and hin- 
| 1 — Then let go &, and the ſpring rs 

raiſes up the wheels, c. This done, pull about the wheel H, 
all in the next point of diviſion; then draw down 8, and 

turn the machine as before, till you have made another cut 
deep enough. And thus you muſt proceed till z has gone thro? 


all the points of diviſion in the circle, and then your wheel is cut - 


into its proper number of teeth. De | 
When the number of teeth wanted to be-cut, anſwers to none 


of the circles, take ſuch. a circle as can be divided by your num- 


ber, and if the quotient be 2, 3, 4, &c. then you muſt 


ſet z to every 2d, 3d, 4th point, Sc. ſkipping the reſt. As 
if you want 21 teeth, take the 


cats... - | | 
A crown wheel may be cut the ſame N but then the cen- 
ter of the wheel F muſt be brought over the edge of the wheel 


to be cut, and there fixed. Alſo oblique teeth may be cut in a 


wheel after the ſame manner ;. but you muſt firſt eaſe the ſcrew 
K, and then turn the cutting frame about K as an axis, till the 
cutter f have a 10 degree of obliquity, and there ſcrew faſt 
the pin K, by the nut 2, and proceed as before. | 

After the teeth are cut with this engine, they are ſtill to be 
wrought into their proper form, with files ſuitable for the buſi- 
neſs ;. and this the workman muſt do by han. 


| | Ex. N. 
EH is aglazier's vice, for drawing window lead. PG, 2H owe 


axles, running in the frame KL, ML. C, D two wheels of iron 


caſe hardened, 1+ inch broad, and of the thickneſs of a pane of 
glaſs, theſe wheels are fixed to the axles, and run very near 
one another, not being above * of an inch diſtant; . acroſs their 
edges are ſeveral nicks cut, the better to draw the lead through. 
E, F, two pinions of 12 leaves each, turning one another, and 
goin upon the ends of the axles, which. are ſquare, and kept 
aſt there by the nuts P, Q, which are ſcrewed faſt on with a 
key. A, B twocheeks of iron, caſe hardened and fixed on each 
ſide to the frame with ſcrews, theſe are cut with an opening 
where the two wheels meet, and ſet ſo near the wheels, as to 


LI 


leave a ſpace equal to the thickneſs of the lead; ſo that 


27 


16. 


| circle 84, which divided by 21 
gives 43 ſo that you mult ſet z to every 4th tooth only, and ſo 
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ric. the Wheels and the cheeks. there is left a hole, of the form re- 
zog. preſented at N, which is the ſhape of the lead when cut through. 
be frame XLML is held together by crofs bars going through. 
the fides and ſcrewed on: and a cover is put over the machine 
to keep out duſt ; and it is fcrewed faſt down to a bench, by 
crew nails LL. ii ge 8 ORE. 
When it is uſed, the lead to be drawn is firſt caft in 'monlds, 
into pieces a foot long, with a gutter on each fide. Take one 
of theſe pieces, and ſharpen one end a little with a knife, and put 
it into the hole between the wheels, then turning the handle 7, - 
the lead will be drawn through, of the form deſigned. © 


"TT. TC 


306. A a water-mill for grinding corn, without either trundle or 
A 8 cog- wheel. BC is the arbor, or axis of the mill, this is a 
„ | lindrical piece of wood, about two feet diameter; GHIKLM 
„ is a leaf or wing of wood, whoſe breadth is about the radius of 
the arbor; this runs fpiral-wiſe. round the arbor from bottom 
to top, aſcending in an angle of about 35 degrees; it muſt every 
where ſtand upright on the ſurface of the arbor. Inſtead of one 
- You may uſe two of theſe ſpiral leaves, eſpecially if they be nar- 
row. This arbor and its ſpiral leaf, turns round upon a pivot 
P at the bottom; and at the top B, it has a ſpindle which 
goes through a plank, and is fixed to the upper mill-ſtone D, 
Wich turns round with it; fo that the arbor has little or no 
friction. 9RST is a hollow cylinder, made of ſtone or brick, 
to encloſe the arbor and its leaf; and whoſe inſide is walled as 
near as poſſible, juſt to ſuffer the leaf to turn round without 
touching; ſo that no water can eſcape between the leaf and the 
wall ; and conſequently it can only run down the declivity of the 
leaf; its top is repreſented by the circle S8. Ns is an 
arch to let the water out at the bottom, to run away; and big 
enough to go through to repair the engine. F is the trough that 
brings the water; B, E the two mill- tones. A the hopper and 
moe. The arbor and its leaf may be cut altogether out of 
the ſolid trunk of a tree; or elſe the leaf may be made of pieces 
of boards, nailed to ſeveral ſupporters of wood, which are to be 
let every where into holes — 0 in the body of the arbor, ſo as 
they may ſtand perpendicular to its ſurface; -and all ſet in a 
ING And the ſpiral is made on this conſideration ;_ that 
| every 10 inches in the circumference of the axis, you muſt 
. riſe 7 inches in the length. But at the top G, it will be better 
N A Ea 
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| 4 ſo as to have its ſurface. almoſt perpendicular x 1 6, 
When the mill is to go, the corn is put into the hopper at A, an 
which runs down the ſhoe, through the mill-ſtone D. And the 
88 opened, the water falls upon the oblique leaf 
GHIK, and by its force turns the axis BC about, and with it 
p) is the arch of a bridge, which ſhall fuſtain itſelf, and all 507. 


the parts of it in equilibrio. Such an arch will be ſtro 


than any other, becauſe an arch that can ſuſtiain ſelf, will 


more eafily ſuſtain an additional weight, than an arch that can- 
not ſuſtain itſelf, but only by the coheſion of the mortar. This 
arch DNF is a ſemicircle whoſe center is R, and vertex B; and 
the wall Ata muſt be ſo built, that the height AT, in any place 
A, muſt be as the cube of the ſecant of the arch BA, which will 
cauſe it to run upwards towards D, in the form of the curve 
t. But as this form is not commodious for a bridge; the 
conſtruction may be performed thus. In any place of the arch, 
as: A, let the ſuperincumbent part AT be built of heavier mate- 
rials, than at H; in proportion of the cube of the ſecant of the 
arch BA; for the parts near B; but in ſomething leſs proportion 
in the parts towards A and D. And the right line GSg being 
drawn, will nearly terminate the top of the wall. But as ma- 


terials cannot be procured for this purpoſe the following 


Way may be uſed. f / 35 hn 1. e , 
With the radius BR deſcribe the arch /D.Bd, of go degrees; 
DB, Bd being each 45. And if BR conſiſt of 100 make 


BS, 16. Draw the right line GSg, perpendicular to SBR: and 
the wall Dog in equilibrio in all its. 


the arch DBd ſhall ſuppg 
parts. If the arches DH ind Bd be made each 60 degrees, and 
the height BS, 7 parts; and the right line GSg drawn; then the 
arch DBd will equally ſupport the wall DGgd in all parts: but 
then the materials made uſe of about the places a, a, ought to 
be only about half the weight of thoſe at 5 and D. And theſe 
are the principal caſes in whieh a circle is ſerviceable, for making 
an arch ſtand in equilibrio, | | 
Another equilibrial arch is from the catenary. Make the la- 
tus reftum BS, 100 equal parts; BR, AR, RF each 159 ; deſcribe 
the catenary ABE, th 
will be an arch which will ſupport the wall AGgf in equilibrio, 
in every point of it. The fault of this arch is, that by reaſon 
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the points A, B, and F. Then ABF 
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11 C0. of the height BS, there is too much weight of wall upon it, 
309. which will endanger the ſinking the piers, except the 9 

de very good; and it likewiſe raiſes the bridge too high, 
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| lines parallel to FR, as TC. 
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Another arch of equilibration is this; make SB, BR, AR of 
any lengths at pleafure ; draw the right line G8 parallel to the 
horizon; and to the aſſymtote GS, draw the logarithmic curve 
AB: which may be done thus, draw AG perpendicular to G8; di- 
vide SG into any number of equal parts, and as many points of 
diviſion as you have, find ſo many mean proportionals between 
SB and GA, ſet theſe from the reſpective points in SG down- 
wards, in lines drawn through theſe points parallel to SR; and 
theſe will give ſo many points, through which the curve BA, is 
to be drawn; and the curve bF is drawn the ſame way; between 
theſe, the pier BD is placed with a tower upon it. The only 
fault this arch has, is, that the water way is diminiſhed by the 
pier BD; and as many arches, ſo many ſupernumerary piers 
there will be. 1 1 N N 
I ſhall now ſhew how to deſcribe an arch clear of all theſe in- 
conveniencies. Make BR, AR, RF, each equal to 30 feet; BS, 
34 feet. Draw AG, Ex parallel to RS. Divide SG, Sg into 30 
equal parts or 30 feet; t rough all the points of diviſion, draw 
hen upon each of theſe lines, ſet 
off from SG downwards; the number of feet you find in 


dhe following table, reſpectively, as TC; then C will be 


in the arch. Do the ſame for the ſide gg. Then the curve 
FBC A drawn through all theſe points C, will be the arch re- 
quired. The curve is eaſily drawn through theſe points, by help 
of a bow held to every three points ; or rather to four or five 
ints at once; which may eaſily be done by two or three per- 
ns holding it. Cs od Cpu Sh W 
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If the thickneſs. of the arch at top, BS be ſuppoſed to be 3 
feet, 4 feet, or 5 feet, Sc. It will require a Fir — curve to 
be conſtructed; but this ſeems to be ſtrong enough for the 
bigneſs of the arch; eſpecially, if built of ſtrong, ſound ſtone. 

Here 31 feet is aſſigned for the thickneſs of the arch; but it 
muſt be made 2 or 3 inches leſs, on the account of the parapet 

wall, for this adds weight to the whole. Alſo if the top GS is 
not exactly horizontal, but is 2 or 3 feet lower at G than at 5; 
the thickneſs BS ought to be 2 or 3 inches leſs upon that ac- 
count; or if higher at G, two or three inches more: but theſe 
niceties make no ſenſible difference in practicſe. 

This curve differs from the catenary (in fig. 309.) For at 
the vertex B it is leſs curve than the catenary; and towards 4 
it is more curve; The curvature at B in this arch is very near 
that of a circle, whoſe radius is BR. And the curvature in- 
creaſes from the vertex B, and is leaſt about C. 
At the points 4, F, where the arch ſprings, it riſes at an 
angle of 881 15', above the horizon. 

If an arch is required to be either greater or leſs than this; it 
is no more than taking any other equal parts inſtead of feet; 
and ſetting off all the lines by theſe equal parts. | 

In this ſcheme I have drawn a circle to ſhew the difference 
berween that and this arch. The like I have done in fig. 309, 
and 310. Whence it appears, that a circle circumſcribes all 

- theſe arches of equilibration; and conſequently a circle is too 
curve at the lower parts, or at the hanch of the arch. 4 
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no difficulty at all. If there be any 


—— 


DESCRIPFTfN or 
If any architects or builders of churches or bridges, ſhall 
pleaſe to make uſe of this curve here conſtructed (fig. 311;)-for 
the form of an arch; they will find it the ſtrongeſt arch poſſible 


to be made, for theſe given dimenlions. And where many 


thouſand pounds are laid out in building a ſingle bridge; it is 


certainly worth the pains, to ſeek after the form of an arch 


which ſhall be the ſtrongeſt poſſible, for ſupporting ſo great a 
weight. And it is very. ſurprizing that no body has attempted 
it. Inſtead of that, all people have contented themſelves with 
conſtructing circular arches ; not knowing that different preſ- 
ſures againſt the arch, in different places, require different curva- 
tures; which does not anſwer in a circle where the curvature is all 
alike. A circle, it is true, is very eafily deſcribed, and that may be 
one reaſon for making uſe of it: but ſurely, the deſcription'ot the 
curve here given, is very eaſy, bythe ac, andcan create 

ifficulty in the practice, it 
is only in cutting the ſtones, of a true curvature, to fit the arch 
exactly in all places; but this is eaſily managed with a little care, 


by taking proper dimenſions ; obſerving that every Joint muſt be 


perpendicular to the curve in that point. 1 8 
A circle, or any other curve, w the curvature is not pro- 
perly adapted to the weight ſuſtained ; is not capable of ſuſtain- 


ing ſo vaſt a weight; but muſt in time give way, and fall to 


ruin; except the mortar happen to be ſo as to keep it to- 


gether. On the contrary, arch here deſcribed, ſuſtaining 
every where a quantity of preſſure proportional to its ſtrength, 


will never give way, ſo long as the piers, which are its baſes, 


ſtand good; but by virtue of its figure, will ftand firm and un- 


ſhaken, as long as the materials the arch is made of, will laft. 


312, 


As to the piers, their thickneſs may be 3, 3, or 3 the width of 


the arch, according to the firmneſs of the nd they are to 
ſtand on. They muſt be conſiderably broader than the bridge, 
reaching out on each ſide into the water, being built with 


ſharp edges to divide the ftream. At the bottom they muſt 
be well fenced with ſterlings for their ſecurity. - The outermoſt 
pier muſt be built far backwards, to ſuſtain the oblique preſſure 
of the arch, which has nothing elſe to butt againſt; otherwiſe 
the pier or buttreſs will yield to the preſſure of the arch, and 
the arch will break. 2 1 HE e 

5 | | Ex. CVII. 


2CF is the weighing engine, at the turnpikes, for weighing 
road waggons. CD is a ſtrong beam of wood moving about 
the ceftter J. EF a ſteel y n ; 
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ect. XII. COMPOUND ENGINES. 
chains ſuſpended at a hook, moveable about the center P; PH 


is about 3 or 4 inches, HF about 1o or 12 feet. The 4 chains 
at are to put round the waggon. F a leaden weight fixed at 


53 
and ſuſpended at D, by the iron hook DH. PA ſeveral iron 7 1 C0. 


312. 


_ the end F, whoſe weight is about 13 hundred weight. Ga 


moveable weight of + of a hundred weight, this'is moved alon 
the graduated beam HF, at pleafure. Vl a ſcaffold to w 


on. CS is a chain hanging at C, and fixed to the braſs pulley 


& Round this pulley goes the rope MSR, whoſe end Mis fix- 


ed to the croſs bar , of the frame NT. In this frame, 


the wheels and axles 1, 2, 3 move found; being turned by the 

handle B, fixed to an won wheel or fly. Theſe wheels and 

trundles are iron, the trundles contain 11 teeth, the wheels 

about 60. The rope & is wound about the wooden axle 3, be- 
ing 5 or 6 inches diameter. At the end of the axle oj 
te to B, is another handle to be uſed upon occaſion. T 

QT is fixed faſt in the ground, that it may not be pulled 


up. The beam CD and ſteelyard EF, move between the cheeks 


XZ and NA, which ſerve to guide them, and likewiſe ſtrengthen 


the frame they move in, which frame is tyed together with ſeve- 


ral braces, as VO, YO, DS head . wh 
When any waggon is to | 4 chains A are 
hooked round it, and a man turns the handle B; which, by 


turning the wheels, winds the rope about the axis 3, which pulls 


down the end C, which raiſes the end D, of the leaver CD. The 
end D raiſes the ſteelyard EF, with the chains 4, and the wag- 
gon; and a man upon the ſcaffold NZ, moves the weight G 
till it be in-equilibrio ; and the diviſions of the beam ſhew how 
much the waggon is above 60 hundred weight. 


In ſome engines the beam CD is wanting; inſtead of which 


there are two blocks and pullies, the upper one faſtened to a 
croſs e emerge is hooked to the _ mos oy 
r | block, to the?axis 3 n this caſe, 
= | & the wheels — rallel to the ade of the machine, and 
not perpendicular, as they are in the former; and then there is 
but one wheel and pinion, each of iron, the wheel of 1 10 or 120 
teeth, and pinion 11. | | 


_ Laſtly, in ſome machines that likewiſe want the beam CD; 


the wheels and axles 1, 2, 3 are placed in the top of the machine, 
above ZX; where being turned round, they raiſe the beam EF, 
either by a rope going from it, or by blocks and pullies. 
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| „ In the under fide of the under board; there 
are ſeveral c made, running in direction LL, MM, Ce. 


continued ſo far, as is the number of ſtops in the organ; and 
coming almoſt to the edge HK. Theſe channels are covered over 
very cloſe, with leather or parchment, all the way, except a hole 


which is commonly at the fore end next Hk, upon which a 
valve or puff is placed. Theſe channels are called partitions. 
When this flap or valve is ſhur, it keeps out the air, and ad- 


mits it when open. On the upper Tide of the under board, 


there are likewiſe cut ſeveral broad, ſquare gutters, or chan- 
nels, lying croſs the former, but not ſo deep as to reach them; 


theſe lie in direction LN, PQ, Sc. And to fit theſe channels, 


there are as many wooden ſliders: or regiſters, f, f, f, Sc. run- 
ning the whole length; and theſe may be drawn in or out, at 
pleaſure. The number of theſe is the ſame as the number of 
ſtops in the organ. | ech 


1KKK the wind cbeſt; this is « ſquare box, fixed cloſe to the 
under fide of the under board, an 


partitions. . = 0} | 
„are the valves or puffs which open into the wind cheſt ; 


and are all encloſed in it, and may be placed in any part of it, as 


occaſion requires. One of theſe valves with the ſpring that ſhuts 
it, and wire that opens it, is repreſented apart, on the left hand. 


C, D, E, F, &c. are the keys on which the fingers are laid, 


when the organ plays. Theſe keys lie over the horizontal bar 


of wood V; in which are ſtuck as many wire pins z, z, on | 
which the keys are put; and the keys move up and down u 


pon * 
this bar, as a center. 3 is another bar, againſt which the keys 


fall when put down; on this alſo, are ſeveral wires, goin 
through the keys to guide them; and on this bar, a. liſt is faſ- 
tened, to hinder the knocking of the keys againſt it. 
Now the keys are made to communicate with the valves ſeve- 
ral ways, as I ſhall now deſcribe. 5, 5, 5, are the key rollers, 
moving on the pivots 2, 7; theſe rollers lie horizontally one 
above another, and one at the. end of another; of ſuch a 
length, as to reach from the valve to the key. 4, a, a, arms 


Or 


made air tight, ſo that no 
air can get out, but what goes through the valves, along the 
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the arms 4; a; and to the valves /, and 

holes b, B, in the bottom of the wind cheft 3, b, b arms fixed 


likewiſe to the key rollers. d, d, d the bY wires, fixed to the 
arms 5, 5; and to the keys C, D, E. No putting down the 


the wire d, which turns the roller ; about, with the arm a, 
which pulls down the wire w, which opens the yalve which is 
ſhut by the ſpring, as ſoon as the key is let In this con- 
ſtruction, there muſt be a worm ſpring faſtene to the key, and 
er further ſide, .to Keep the end 5 of the key, 

wn 
Another method of ing the We 3 is this. S, xy; are 
gender leavers moveable upon the centers 1, 5X,” 5x are 
wires going from the far ends of the keys, to ihe nds x of the 
leavers. /, y/, other wires reaching from the ends y, of the 
leavers, through the holes b, to the valves Y. So that putting 
down the key, C, D, &c. raiſes the end 3j, which thruſts u — 
end x of the eaver, by the wire 5 x; this depreſſes the en 
= leaver; which pulls down the wie; and opens the 

Es 
A third way of opening the valves is this, © At'the end of the 
key 6, is a leaver 8, 9, moving upon the center 2. This with 
the key makes a compound leaver. From the end 9, there is a 
wire goes to the valve. Now putting down the end 6-of the 
key, raiſes the end 8, which depreſſes the end -9 of the leaver 
8 9, and pulls down the wire, and opens the valve. I have on- 
ly drawn one of theſe in the ſcheme, and but a few of the others; 
to avoid confuſion. 

RX, R are the rollers to move the fliders, by help of the arms 
, <, which are fixed horizontally in theſe rollers. ke, ke are 
leavers alſo fixed in the rollers. le, le are the handles, which 


lie horizontally, and paſs through the holes 7, I; and are faſ- | 


tened to the leaver ke, being moveable about a joint at e. 

Now any handle Jp being drawn out, pulls the end : wette 
I, which turns R about, along with tlie: arm cf; and the end 
Abet d the ſlider g. And when p thing" the arm cf 

wiſe thruſts in the ſlider .. 

Upon all the ſeveral rows of holes which appear on. the top 
of the upper board; are ſet upright ſo many rows of pipes; & 
is a flute pipe of wood, 'Z a flute pipe of metal, Y a trumpet pipe 
of metal. The pipes paſs through holes made in Neander, placed 
VL the N 5 to Toy e Kr E 


18 | $8 7%. 3 10 . rt K 


M m. The 


br leavers fixed to the key rollers; w, wo the valve wires fixed to Fro. 
h the - 313. 


And of ny e keys C, B. E; it pulls down the arm 5, by 
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bored through the upper board, through the ſlider, and thro 

e board, mes the parton below: 0 Cap — | 
placed | War holes, will then communicate with the parti- 
tion; which, by its valre, communicates. with the wind cheſt. 


ſtand againſt the holes, in the upper and under boards 3 and 


the communication is ſtopt, ſo that no wind can get to the pipe, 


, 9T ate the bellows, which muſt be two at leaſt. g. 4 


1953 2 © the handles, moving upon the fixt axes nn, un, 
e bellows conſiſts of two boards; the under board 


is fixt immoveable, In this there is a valve er opening inwards, 
and a tube leading to it, called the comveying tube. There is 
alſo a hole in this under board, from which a tube leads to 
the port vent, which is à ſquare tube 24, riſipg upwards, and 
is inſerted into the under fide of the wind cheſt at 2. And in 
the tube leading to the portvent, there is 4 valve which opens 
towards the portvent; which ſuffers the air to go up the port · 


vent, but none to return. All the bellows are conſtructed after 


the ſame manner. Now the handle O being put down, raiſes 


the upper board 7, and the air enters through the 


Valve 7; 
and when the handle is let go, the weight of the upper board 
T, (which carries 3 or 4 lb. to every ſquare foot) continually 
deſcending, drives the air through the portvent to the ſound 
board. And as one pair of bellows at leaſt, is always deſcend- 
ing, ſince they work alternately ; there will be a conſtant blaſt 

In chamber organs, there is but one pair of bellows, which 
conſiſts of 3 boards, in nature of a ſmith's bellows ; and ſo has 
a continual blaſt. | 


All che inner work is hid from fight, by the face of the in- 


ſtrument ſtanding upon 36. 


As many partitions LL, MM, &c. as there are in the ſound 
board; fo many valves V, J, rollers, 3, , or elſe ſo many 


leavers xy, or 89,3 and their wires; and that is juſt as many 


as there are keys 4, B, C, Sc. And there are generally 61 
keys, with flats and ſharps; reaching from G to G, the com- 
K of 5 octaves. But the ſcheme could not contain them all. 

We iſe, chere are as many handles I, , Ge. rollers, R, R, 
Sc. ſliders 7 /, &c. as there are different ſtops upon the organ. 
And it muſt be obſerved, that, between the ſliders f, f, &c. 
there are as many ſliders, on the right hand; and the ſame 
number of handles and rollers, which cannot be expreſſed _ 


| cache on ſtops in ſome but 
here are many organ, © generally 10 or 12 
them, 
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this ſcheme. And other rows of 7 
"th; gat And towards the mi of dhe organ, che leaſt 


eee ee 


on tach hand; —— diapaſon, principal, 
| r dene french A 


humana, flute, baſſoon, cremona, c. and à contrivance to 


the other handle O is put down during this time, 
T of the firſt, deſcending, and ſhutting the valve 7, 
drives the air through the other valve, up the portvent into the 


wind cheſt. Then drawing out as the flute ſt 
ons er fr et all the p A os 
ready to play, as ſoon as the keys C, D, E, Cc. are put down. 
Therefore utting down the key D, by lay g the finger 
nt valve , the air enters 


podig ries > in the ſet LN, will found, when its key is put 
down. But no pipe in any other ſet P9 will ſpeak, (becauſe 
e en eee eee ee ee WE ILY 
correlponding hund 7 

Pipes are made either of wood or metal; ſome have mouths 


like flutes, others have reeds. © The ſmalleſt 8, are made 


of tin, ee eee n and leaden 
„ eee Short are open, and the long ones are 
; the mouths of + ſquare wooden pipea are fiope with 
es of leather. Metal pipes have a little ear on each fide of 
the mouth, to tune them, by bending it a little in or out. 

| tever note any open pipe ſounds, when the mouth is 


it will ſound an octave lower: and a pipe of twice its capacity, 


will ſound an oftave lower. 

It wilt not, 1 think; be foreign to my deſign, if 1 give a 
ſhort account of the method of tuning organs, or harpſicords. 
But I muſt firſt premiſe ſomerhing concerning the ſcale of muſic. 
It is known from undoubted experiments, that if AL be a 


ſtring of a muſical inſtrument, and if the ſtring be ſtopt ſuc- 
ceffively at T, 5, 'q, b, 0 3 and 4, 7, & +, 4 of it be made to 


2 


8 


3 1m les rg 
reſpectively. 


it, into the pipe I, and makes it ſound. 5 | 


Mm 2 | Now 
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Now as the difference between the fourth and: fifth is ac- 
counted a whole tone, whereof there are 6 to make up the 
octave; therefore we ſhall have 4 — 3, or v for che difference 
of the ſtrings, that are to ſound a note one above the other, 


whereof the greater is 3. Conſequently if the ſtring is 1, that 


difference would be 3. Therefore 5 of any ſtring, will found 
a note higher; and 3 of this ſecond, would ſound 2 notes higher 
than the firſt ; and 3 of this third, would ſound. 3 notes higher 
than the firſt, Fc. and this being 6 times repeated to make up 
an octave, we ſhall have : X35 X53 X3X53 X43 = 4, as 
it would be if this note was exact, but that product is leſſer, 
being but. 4933 3 and therefore z is too ſmall, and 3-too- great 
for a tone. 1 6 of theſe notes do not exactly make up an 
octave. | F „ 
After the ſame way, if we take the difference between the 
fourth and leſſer third for a whole tone ( $— 5); we ſhall 
get 0 of the ſtring for a whole note, but this will be found to 
be too great, being . 5314 inſtead of . 5; therefore 1 is too 


ſmall for a note. | 


If we try by half notes, we ſhall ſtill be no better. The 


leſſer third, the greater third, and the fourth differ by half a 


note; of which there ought to be twelve in the octave. In the 
former caſe we get r for the length of the ſtring, in the latter 
z; and zr or xs for the length of half a note. The firſt is 


far too little, and the latter as much too big. 


As none of theſe notes or half notes will make up an oc- 


tave ; ſo neither will any number of thirds, fourths, or fifths, 


make one or more octaves. A leſſer third contains 3, a greater 
third 4, a fourth 5, and a fifth 7 half notes. Therefore 4 


leſſer thirds, or 3 greater thirds make an octave; and 12 


fourths, ſhould make 5 octaves; and 12 fifths, octaves. But 
if this was fo, then we ſhould have J = 3, A* , and 


= (that is r =+), and F = +. ; But never a 
one of theſe is ſo. And hence we may conclude, that no ſcale, 
made up of theſe notes, or half notes, or any combinations of 
them, or of thirds or fifths, Cc. can be perfectly exact. | 
Now to contrive a ſcale to anſwer as near as poſſible all the 
requiſites. Let AL, Am, An, Ao, Sc. to AY. or + AL, be 
13 geometrical proportionals. Then «theſe ſtrings AL, Am, 


An, Sc. will ſound all the half notes in the octave, gradually 


aſcending. Therefore if AL be put = 1, AY =; Am, An, 
Ao, &c. being ſo many mean proportionals between 1 and 2, 


wiõill be found, as ſet down in the following table. 


ROSS" IT; 3 q — 
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3 a * * TSS - ; 110. 
J, | ac... | notes equally | pure . 3314. 
jt _ * W . . 
e Fi conf . AL | 1.00000 1. 00000 O 
"| 4 ſecond| Am 94387 _ | ? 
. 
. third| Ao. | 84090 33333 7 
IE. third| 4 279370 .80000| #75 | 
en, _|_44__:74915_|_.75900 | #755 | 
- {4 fourth:| Ar. 4 707M. < oi oo fo eds | 
fifth e 66742 66666 * 18 
A Sixth | At 62996 562500 b vs i 
er. ub Au 9460 +23 | F 
I & ſeventh| Aw S6xng'=| 5385: } © : | 
I ſeventb Ax 82973 Wa. | } 
_ Height | AY 2250000 K 530000 0 6 
In this table, the 3d column ſhew the lengths of the vibra- 1 
ting ſtring, when the ſcale aſcends by equal degrees of ſound, | 
or when all the half notes are equal. 12 5 i 
Eee an col. ber the length of the ſtring to ſound the i 
concords. ö LY | 


The laſt col. relates only to the concords : and ſhews the 
error of the 3d col. expreſſing what part of a whole tone it is; 
and whether it is below (expreſſed by 5) or above (by ). By 
this col. we can judge how the ſcale in the 3d col. will per- 
form. And theſe errors are found by comparing the 3d and 
4th col. together. As ſuppoſe you would know what it is in 
the fifth, we ſhall have 66742 — 66666=76, and 70711— 
62996 =7715, which repreſents a tone in that place. "Then. 

x or rs is the error, which is but the hundred part of a 
whole tone. And as the number in the 3d col. is greater, it 
ſhews, that by this ſcale, the fifth is flatter than it ought to 
be. And fo are the reſt of the errors found out, and 

Now its evident, that the error in a fifth or a fourth is quite 
. Inſentible in practice; but the thirds and fixths ſuffer the moſt, 

being in ſome but the 13th part of a note, which perhaps may 
be fenſible to a good ear; but then it will not be fo percep- 
tible in a third, as it would be in a fifth; becauſe a third is leſs 
perfect than a fifth. And the ſweeter the cord, the more eaſily 
is an imperfection diſcovered. Now although theſe trifling 

errors will take away ſomething from the ſweetneſs of the har- 


. — 
3 8 
* * ” . * 8 
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therefore to be taken, is, to make the upper note a very little | 
flatter than a perfect fifth; by firſt tine er and then 
lowering it a {mall matter, but not ſo much as to offend the 


DBSCRIPTION I „ kz 

mon and will hinder the ſcale from being abſolutel pea 

mary, all der fam bn ot 
As to the tning this jnftrument, it is p lain chat the notes | 
not to be tuned by eee | 
be the hundred part of a note too high. fince one muſt 
take 12 fifths, before he can come at the ſame note again, 
whence he ſet off; there will at laft be an error of 88 or 4 of 
a note, which is very diſcoverable in a fifth. The method 


ear. And after you have thus gone through the octave; if 


you find the laſt note-eith Rocknh of too low; begin a new, 
at « link, 


and alter them according to your — 1 
the laſt does '” aug bu Fg L is to be attained prin- 


cipally by practice bad wr hcss 
i the reſt depend, therefore one ought to be very exact 
in it; for in all the reſt, there is nothing to do but to take the 
eights above and below. And you ought to 


| to tune 
about the middle of the inſtrument. 


Thoſe that tune by thirds, ou to take the upper x oh of 
the third, as as x4 ear will bear. And leſſer 
ag” 3 be taken as es * pert, A 

0 in tuning, ome fifths an 
leave e which they call bearing notes. But 


this is attended with great inconvenience: for the muſick ought 
do be ſo ſet, that no fifth ought to. fall. on any of theſe bear- 


ing notes, which. inſtead. of — a perfect concord, will be no 


better than a diſcord; ſince the error in theſe bearing notes is 


very great. For if chere is but one, in an octave, its error is 
+ of if note, if two of them, and both alike, 4 of a note. 


Now if theſe people be ſo nice as to diſtinguiſh TSB part of a 
note, much more would they be offended. at 4 or rs. And al- 


ways to avoid taking the fifths upon theſe notes, when they 
come naturally in the way; would be cramping, and even 


8 the muſic. And another diſadvantage would ariſe, 


a piece of muſic could not be tranſpoſed upon any key at 
pleaſure, whatever need there might be for it: but muſt be 
tied down to a very few. And if this method could cure, in 
any meaſure, the errors of the fifths; yet it would not at all 


mend thoſe of the thirds, which are far greater. And if any 


ane third ſhould happen to be better d; its certain that others 
** and will . 


Some 


— rightly tuned, 8 
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Some that like not the equibarmonic or iſotonic ſtale, above x 1 0. 


deſcribed a would compoſe a ſeale of ſeveral ſorts of tones and 
ſemi-tones, as 3, r, and: v8, 17, 1, 15, 1 Sc. but what end 
can this anſwer ? er to ſhe w, that if ſome cords may 
be taken others de miſerably bad, and _— 
on into iſcords. But this ſcheme ſeems to " built on] 

| arent of abſtract numbers; for it regards l this, 
pers . f 7 — K themſelves 
— more e, by m tion; w is a thing 
ine overs mor lp muſic. 

Others, to avoid the badneſs of the cords which fall in ſome 
places, have invented quarter notes; which makes the muſic 
| hard to play; and is, beſides, far from 

the end propoſed. Therefore upon the whole, I cannot but 
think the ſcale above deſcribed, to be the beſt for practice. For 
ſo ſmall an error as vv of à note in a fifth, every where 
the ſame, cannot be ſenſible, or do much hurt ta the muſic; 
And I will venture to , that the very alteration of the wea- 
ther, in 24 hours time, by heat or * drought or moiſture ; 
bag "have ſuch an effect upon either ſtrings or pipes, as to cauſe 

er difference than this amounts to. There are ümper- 
in every which we cannot quite take away ; all 
we cn co, i them as Inde as. poſlible, W 


More examples of the conſtruction of engines might here be 
added. But as: there” is ſuch an infinite variety in che world, 
it would be an endleſs taſk to deſcribe. all the kinds of them. 
Therefore I think it needleſs to produce any more, eſpecially, 
. ſince their oonſtruction and uſe 7 upon the ſame princi- 
ples as theſe already deſcribed, And if the reader does but 


thoroughly underſtand the powers and forces of thele before 


mentioned; n 
forces,. or motians, * pores ann, 
ae ee | | | c erke 
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WM | | + 12 ſpout for a fer d eau in a fountain. "uf 
_— Amplitude, che Gim l del er eee ee ; 
| 7 Þ | e, «machine for berg he yin ofthe min, "oe 
Hg. 25 
Angle of pte is the angle which the line of direQion of 
1 a power makes with the leaver it acts upon: 
F f inclination, is de W an inclined n makes with 
1 the horizon. | 
, | — of Tratiiongthe angle which che direQion of a power makes 
with an inclined plane | 
Azueduct, an artificial river, e to cumtey uber. pie ' 
8 Arbor, the axle or ſpindle of a wheel. Fig. 18 f. f. 
2 55 2 hollow wall made of a cireular un a ſupport _—_ 
u 174 NR i 
Ker an-inftrument PA Er SR the weight. of liquors. tl 
Arm, any piece of timber or metal, that E un 5 
from ſome part of a machine. 


Axle, or Axis, me line or ſpindle about which 'a wheel turns 
| ons. Fig. 185. ef. _ 55 
f in e - machine for raiſing weights, conliting 

5 wheel, fixed upon a cylinder 195 its axis. 


— 0 eg 
* : 


” 8. 


> | 8 5 B. | 
| Nan a dd. to weigh bodies i in; one of the mechanic 
powers. Fig. 188. 6 | 
Zalanc wheel, the fly or pendulum of a warch, | iy 
| 0= 


EXPLANATION O TERMS. 


| Bargmer, « michine't0 ſhow de weight of the air or at 


-moſphere. © See Fig. 216. ; 
Baroſcope, the ſame as barometer : 2 weather glaſs. y 
"ihe rope goes. is the-axle, or cylindrical body, about which 

rope 


vo 
Barre, ſtrait pieces of timber or metal, that run croſs from one 
part of a machine to another. 

Baſe, the foot of a pillar. © © * 

Baſil, that angle, the edge of a tool is ground to. 

2 piece of timber three or 1 qr aden inch 

© 

to Batter, to lean backward. 

Bauk, a long piece of timber. 

Beak, the croked end of a vice of from; to hold any thing faſt. 

| Beam, a large piece of timber lying acroſs any place. 

Beetle, a ones inſtrument, or mallet, for driving piles. | 

Bevil, any angle that is not right. An oblique angle. 8 

Block, 2 lump of wood. 


Blocks, pieces of wood in which the ſheevets or pullics run, nd 


through which the ropes go. Fig. 42. A, B. 
Bolts, large iron 


Bond, the faſtening ſeveral pieces of timber together, 1 


by mortiſe and tenant, dufftailing, Ec. 

Brace, a piece of timber fixed obliquely-i into others, to ſtay 
them from moving any way | 
Brackets, the cheeks of the carriage of a mortar. Ang 

iron to ſtay timber work z alſo ſtays er ſup- 
5535 
Brads, nails having no broad heads. DER " 
- Bridge, any horizontal beam, &c. that is to ft eli 
Butments, thoſe ſupports on which the feet of ſtand. 
Buttreſs, a ao of ſtrong wall that ſtands on the ourlde of apo- 


ther wall to ne Rr it. 
Copftand, 1 ol board - N to e the maſts, 'or 
raiſe any weight. Fig. 248. 
Caſcade, a fall of water. 
Catara8, is a precipice, or alen fall << water in a river, . thro* 

' highrocks, <a ide water un fal with a, great noiſe and 
| K "Be 

55 Catch, ſome ſmall part of a ck, = - 2 in its motion, 
| | hooks or 18 hold of ſome other part to ſtop it. 

| Ne 8 Center 


2 


of « pumy, is the hollow nant of the pump where the piſton 
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Center of mation, the point about which a body moves. . 
I gravity, the point upon which a 


Clench nails, nails that may be clinched. 
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EXPLA NAT 10 or TERMS. 


being ſpended. 

it will reſt- in any poſition. 5 

— of tudes, a point equidiſtant * oppoſite ex · 

treams of a body. The middle. "Pp 

a of percuffion, the point eee Grate. | 
greateſt ſtroke. _. ; 

Center pin, a pin about which, as a center, a body moves. 


Chain pump, a pump having ſeveral buckets fixed to an cle 


chain, which goes through it, and is moved round upon an 
axle. Fig. 


254. 
Chaps, two ſides of a machine which take hold of any thing. 
Cheeks, two upright parts of a machine, 1 to one ano- 
ther in poſition and uſe. | | 


Cbronoſcope, a pendulum to meaſure time. 


Clack, a fort of valve which is flat, like a board ; beg 
ſtop a fluid from out. Fig. 268. 7, a flap. | 

Clamp't, when the edges of two pieces of boards are joined to- 
gether, ſo as the grain of one may lye croſs the * of the 


other. 
Claſp, a ſort of buckle to faſten any thing. 
Claſp nails, thoſe with little heads to ſink into the wood. 


Claws, lender crooked pieces of More in a machine, which 
ſerve to move or hold any 


Long teeth. 
to Clench or clinch, to double back the end-of a nail, that it 


may not draw out again. To rivet. 
Cock, a braſs ſpout to let a fluid run out, or Ae 
Cape, the wooden teeth of a great wheel. op 185. 4, a, 4. 


'Cog-wheel, a large wheel made of timber, where the teeth ſtand 


1 Ee to the plane of the wheel. Fig. 185. CD. 


a ring of metal that goes about ee near the top, 
in which. it turns round, * 


Column, the ſhaft or trunk of a pillar. 
Contrate-wheel, a wheel in a toc, where the teeth are 1 
to the axis, and ſtand on the under ſide of the rim. 


Cortel, a piece. of . or ſtone, ſet under another piece, to 


diſcharpe the 


weight. 
| Crab, a ſmall capſtand with three claws, to be placed on the 


Er moveable oe on one plane to another. This is cal 
a ff 


Cane, a the foe hoiſting gwock wot offs ip or for raiſ- 


mg timber or ſtone. i, 2 
| | s 53 cn 


'' EXPLANATION or TERMS, 
| that of an iron axis which is turned with 
7 bn ena 6 238. IJ. 8 
Gone, « horizontal beam fixed acroſs another. 
Crow,' a ſtrong ſquare bar of iron, forked at the end; to remove 
beavy timber, Se. by uſing it with the hands. 
| Crown-wheel, in a clock or watch, is that next the balance; its 
2 death ſtand in the upper (ide of the rim, and nat in the edge. 


Fig. 166. FG. 
cual n in form of « hemiſphere, or of 


. 
D. 


Deni is 8 greater or leſſer dung of men, contained in 


a given 


Dans or le bps which bing lf py th cock b 


and falling down, ſhe ſtops. 
Dog nails, nails uſed for faſtening hinges. 
Dome, a round vaulted roof or tower. A FIN 
Dormant, a great beam lying croſs a houſe. A ſummer. 
Dormer, a vindow in the roof of » houſe | 
Dovetailing, ing one piece of timber into another, with a 


joint in form of a dove's tail, being broader at the end, chat 


it may not draw out again. 

Dram. ͥ—B wit. = carried by a great 
wheel. Fig. 266, EF. 

Drum bead, NN OR or lump of timber, in form of a drum. 


E. 


Edging, the ourſide | or border. 
Endleſs chain, «chain with the ends ined roger by which 


any part of a machine is wro 
2 Crew, a Krew wang in the cen of wiel, which 
turned about for ever. 4 
ee. a e inſtrument * l leavers, 
crews, Se 
Eilipyle, a hollow globe of metal, filled with water, and put 


in the fire; the hex and aur rake out at, a ſmall hole, 


with a great noiſe. Fig. 2 


Equilitrium, the equality of weight, of two ot more bodies, &c. 
mg che Lats at reſt. 
205 hol in fome part of 4 machine, through which any | 


thing is put. * | 5 
Nu a2 e ee 


me 


"aps BXPLANATION oF” eres 5 g 


F. [4 _ ' hows, 5 ab 8 
= 2 N . 


** 


' Face, the Front or fi bebe of a machine, or of fe prinipat 
Fig, "i ſome ſmall picks of medal kike a long tooth, that "by its | 
motion moves ſome other part. 
Fellies, pieces of wood on the outſide of a bed, which make 
the rim. | 


; Ferril, à ſort of hoop.” - | e | 
1 . ' Floats, the flat boards et e on A ages of a water- 
[ wheel ; by which the water drives the wheel about. Fig. 
236. D, D. 
Eh, that part in a lock Se. that regulates the motion, and 
makes it uniform. Fig. 168, 169, 170. 
Force, any thing that acts upon a body to put it in motion. 


Force pump, a pay that diſcharges water by preſſing it up- 
wards, Fig. 2 5 268. 
r 


1 Frame, the outwork of any machine, or what holds 1 8 che reſt 
| together. ; : 
Et Free, clear of all impediment. T2200 
9 5 Frickion, the reſiſtance that bodies have by cubbing again one 


another. 


| ; Ro _ which Oe a leaver i in moving any heavy body. 


| Gain, the levelling . 
= | Cin, a machine to raiſe great weights. Fj . . 
9 the weight of bodies. 


ſpecific, 15 _ one body weighs more or leſs _ ano- 
ther 4 the ſame bulk 


relative, is the weight of a body in in a mud, or on an in- 
clined plane. 

Groove, a channel cut in wood or fla: FF 

f Gudgeons, the eyes in the ſtern of a ſhip, on which the radder 
4 | hangs: The center pins of an axle. 

| | M9D, a Wag oy rou ind. 


K. Aol 
i x | | Hand, an index, or 8 3 
] Handle, the part of an inſtrument to take hold on with ta. 
| {7 Hand ſoike, a wooden leaver to be uſed with the yy in mov- 
ing any 
Head, the top part of any thing. 
* 


BXPLANATION or TERMS; 

Elen, the edge of ſome cloth turned down and feeds - 

Hinge, an iron joint on which a door turns, Sc. 

to Hitch, to catch hold on, with a hook or turn of a dope. 

to Hoiſe, or hoiſt, to heave. up, or raiſe, by force. 

Hook pins, taper iron pins with a hook head, by which they are 

ck out again. They ſerve to pin che frame of a roof or 

Hot together, till wrought off. | 
00ps. à circular ring to put about any thing, to keep i it faſt, - ; „ 
ydraulics, the art of m engines for water works. | 

b an inſtrument to meaſure the denſity of fluids. 

ig. 2 ] 

Hydreſtatics, a ſcience reaching the ke preſſures, motions, 
and properties'of fluids... 

 Fhdroftatical balance, an inſtrument for finding the ſpecific gra 

vity of bodies. 


_ Hygrometer, 1 an inſtrument for meaſuring the moiſture and . 
== neſs of the air. Fig. 268. 


£ 
„ r 4 


Fack, an engine, to M a loaded cart, or 3 houſe, 

7 Se. See Fig. 249. Alſo an engine to was mant. Fig. oy 

Jact pump, a chain pump. 

N door poſts, or window poſts, Se 5: | 

Jet de eau, the pipe of a fountain, which bn up water in- 
to the air. Fig. 287. 

Inpetus, any. blow or force where with. one body ſtrikes or im- 

another. 

Joint, the place where one part. i is fixed into ayother, or moves 
about it. 

4 thoſe pieces of timber framed into the dormant, in a 
ou. and on wc the boards of the e. 


/ 
* 1 4 » 
14 ek AC 


Keys, ar n che top 1 arch, to bind 8 
Kenk, a ſnarle, or little turn upon a rope, that it cannot run. 


Knee, a crooked or angular branch of timber. 
. 


* 


Lantern, chat part which is moved by the cogs of a great wheel, 
—_— againſt the ſpindles or rounds. The drum. Hs. 266. 


Latch that which faſtens «door, Sc. A fuck. Ne | > > 


| at 4 
ro; : ; . i 8 | 


Mechanic powers, are theſe ſix 3 the balance, leaver, wheel, pul- 


EXPLANATION or TERMS: 
Leaver, or lever, a bar of iron; or wood to raiſe'@ wel 7 


Leaves, the tecth of a pinion. Fig. 185. „ 4 501 
| Ledge, a flat border or plain, n e 5 
Level, an inftrument to place any thing 

Linch pin, a pin that keeps a Wheel from coming of its ule. 


Lip, a thin edge turned hollow. 


es egos of no] hips ht bv then] wi i 


over ſomething. A nooſe pwn ater” ang 


3 a 1 . * moving bodies. 
Mechanics, a ſcience that teaches the principles of motion, and 
conſtruction of engines, to move great 


4 


ley, ſcrew, and wedge: and according to ſome, the inclined 
plane. 


Mitre, an angle of 45 degres, or half a right one. And balf 
mitre is a quarter of a right angle. 

ee, Tar © Lives wines or the force or power a body 
in motion has to move another, 


- Mortiſe, a ſquare hole cut in a piece of ſtuff, to receive the 


tennant. 


Motion, is the Faceeliive: chat des of a body; or ts pa 


ſing from one place to another, 


Moving force, any active force or power that moves s body. | 
d of any 


Mouth, the part or parts of a machine that take hol 
a ching. e eee | 


> 
N 
$5 


| Nei: or Naß, the block i in the middle of a wheel. 


Neck, a part near the end, cut ſmall. 

Notch, a dent, nick, or flit made in any thing. 

Nut, the pinion of a wheel. Fig. 185. AB, A final piece of 
e irew naih 


D.. 
Oſcillation, the i or e. a. a 2 | 
We: i a, 


Paddles, ee The laddle hatch on the wee” of 
water- wheel. 


* 


FA 
Wy 
42 


Pedefial, 


Parka, pen if a: 6 2 4 
Peers, or Piers, a ſort = eee, 

Peg, à pin to go into a hole. | 
Pendulum, a 33 ghe hung by a ftring or wire; ringing back and 


| por mags er ur tht apes or ſs the ee | 
the water to a water-wheel. Te En * 
* Percuſſion, the ſtriking of one body a another. | | 
Tv a long piece of wood'or P which rife ap and fl 
. down again to beat or bruiſe ſomething. a 
Pag or Pivots, the ends of the ſpindle of a wheel in a 

clock or any machine, which play in the | 

Pevet holes, the holes in which "ends of a ſpindle or axle of 

-  @ wheel turn. Fig. 185. e, J. | 

Picket, hun ah, pour eee, e, we - 
| Pillar, a perpendicular column ſupporting one end of an arch, C. 

Pinion, a * Halo wheel at one end of the ſpindle, confifting but | 

of a few leaves or teeth. Fig. 185. AB. © 
E a round piece of wood moving up and down within the 

Sug oak es to draw up the water. 

of timber, on which ſome heavy work is framed, 

I wa plate, &c. A flat piece of metal. 
Pneumatics, a ſcience teaching the properties of the air. 
Pole, a long ſtaff, or ſlender piece of wood. 

Pop, a perpendicular or upright beam of wood. | go 
Power, the force applied to an engine to raiſe any weight. Or 

any force acting upon a body to move it. 

to Projeti, to jet out or hang over. | 
Projetiites, balls or any heavy bodies thrown into the air. 

Prop, a ſtay or ſupport for any thing, to bear it up. | 

Pulley, a ſmall wheel with a channe in the edge of it, moving | | 
about an axis fixed in a block; the channel is to receive a | 8 

rope that goes over it. One of the mechanic powers. 

Pump, an engine to raiſe water. Fig. 204. | 

Punchins, ſhort pieces of timber, rae; upright to ſapport ſome 

| weight. n 

. 8 R. | 


Rag-wheel, the barrel or wheel in a chain pump. , | I 
Rails, fmall pieces of wood joined into others; thoſe pieces in- 1 
to which r Sc. are fared. ps the 3 
Rammer, an i driving ſtones or into : 3 
ground, or LG Ma ength, PET I 1 
* the diſtance to which a ball s ſhot. Boots | 5 
Ing | „ | / | 


o 


* Wy Pt N 
0 art an A bat or- TERMS. 
Range, e e USED © 


to Range, to run ſtreight, or direct in a line. 
to Reeve, to paſs a rope th any hole 
Return, the ſide that turns off om any Pie of-fight wat 
Ribs, ſlender pieces of timber, cine for . * 8 


Riflets, little flat, -thin, ſquare pieces of wood... 5 \ 
Rim, the circular part or outfide of a wheel. 
to Ot oe batter down the end of a nail, chat 1 4 not 


- Es. Rod, 2 i or metal. 1 8 
| | Roll or roller, an engine turned. . 
| Fig. 24 
R the ſtaves or ſpindles in a lantern, againſt which the 


teeth of a great wheel work. Fig: 266, er c. . at 5 
a ladder, c. 


Ruler, a thin fireight piece of wood. V 

Rungs, ſpindles or rounds. Fig. 266, c, c.. 

Rumer, a flat circular ring, between the nave and wage of a 
Werl. Aſſo a ſort of e with. 


* 1 
S 3 | | 5 . 


Sails, \ ls: pieces of canvaſs, by etch, ſhips, malls, Sc. 
are carried, by help of the wind. 


Scantlin, ſtuff cut to a proper ſize. 


| Screw, one of the mechanic powers. The tap with the thread is 
- male ſcrew, the hollow that receives it, is the female 

crew, | 
Scribing, drawing an i a kw one piece of ſtuff, pa- 
rallel to the 3 r {ide of another, wi 37 ag air of com- 
paſſes opened to a . diſtance; and carried along the ſide 
of it. Then the wood in the "firſt PP: being cut away, 

| theſe two. pieces will fit each other. 

to Seaze, to bind or faſten a rope, Oc. 


Shaft or ſhank, any long part of an alem, eſpecially that 


35 held with 8 hands. 3 
Sbeers, two poles ſet 9 , an together r at 
top; and ſecured b 3 Their uſe is to 


raiſe any weight by js a block and tackle at top. 
| Sheevers, pullies, the little wheels . run in blocks, by a rope 
oing over them. 


. Shelf, a board, Gee xt horizontally. . 


EX PLANAT] oN * TERMS. 


< Saale, F e 
in order 11 


dals che ledgeson dhe edge of a guttered wheel, 


| Sills, ſells, or groundfils, pieces of rimber that be on the ground, 
Siphon, a crooked glaſs tube, for drawing off liquors. Fig. 216, 


Sleepers, pieces of umber; laid x foundation and ſupport for 
9 are to lie upon them. 


Slings, theſe are made of à rope ſplice! with : an eye at either 
end, 3 e ee, FOR be 


Snatch black, a great block with a ſheever in it, aud a notch 


cut through one af che checks of it 3 to hitch: the rope into 

the poly, for aue Tr 

; Socket, w. piece of metal, in which any thing moves... 
Sole, the bottom of the gutter or channel, in a gutter'd wheel. 


Sole tree, the loweſt piece of timber which lies flat on the + 
ground, W The 


groundſel 
Spaniſh burton, a ſort of tackle to hoiſt „ like Fig. 197. 
Spear, a long pointed iron, or piece 0 — oh 950 


Specific gravity, is that whereby one body weighs. more or c ken | 


than another of the ſame magnitude. 

Spike, a pointed iron, or piece of wood. 
Spindle, the axle of a wheel, Fig. 18 f. f. 
pires, the turns of a rope about a cylinder or roller. 


. — 


to Splice, 20,010. © two. ropes together by working nn 


into one 
Spokes, pieces. of wood running from che center of a wheel to 
the circumference, like rays. 
Spring, an inſtrument made of ſteel, that being bent, it con- 
 tinwally exerts a great force, that it may unbend itſelf * 
Springing plates are ſometimes made of braſs. 
Spur, a fort of prop, 8 ors to thruſt. 


Spurs,, long wooden, teeth ſtanding in the edge of a large tim- 
ber wheel. Fig. 192. a, a, 4. 


Spur wheel, a wooden wheel where the reech Rand In the Kg 


of the rim. Fig. 192. CD. | 
Staff, a ſtick or finall piece of wood. 


Statics, a part of mechanics, reaching | the motions vey proper- 
ties of heavy bodies. 


Stay, a piece of timber, or other thing fixed ; as A WP or my 
1 to ſome oY 1 92 | 


00 | Steel- 


"EXPLANATION. oF TERM . 

Stechard, an inſtrument to weig bodies, cd of A 
beam ve a. moveable —— 4 Figs 190. vag 

Stock, the wooden part of a chi and into which it is . 

ö Stopple vr fopper,. à plug. that fits into a hole. 


Stops, any ſmall pieces in a moving machine, that farve | to 
ſtop the motion. 


Strain, the ſtreſs or violence any thing fulfers bs weight or 
force acting againſt it. 


Stronks or Jai the iron ging round the circumference of 
wh 


carriage 
Stud, a knob, or little button. A bud piece of metal at) * 


plate. 8 
Suh any wood that joiners work. upon. * MCs 
Swivel, a metal ring that turns about any way. 
Syphon, the fame as ſiphon. A crane. Hg. 216. 
Hinge, an ee for e —_— into wy Re. 
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Talis, blocks with pale and ropes in oi to heave up 
Fig. 196, 19 
Tenon, the ſquare "end of piece of woot, made do fit into a 
mortiſe hole. 


Thermometer, I an Mg an to ſhew' the degrees of hear and 
T hermoſcope, F cold, "T7. + 
_ Thread, the ſpiral rr at goes winding round a ſcrew. 
5 Thruſt, che action againſt a body to puſh it 1 

Tight, ſtiff, cloſe. FE, 
Tonzue, a thin lender piece of metal in a machine. 885608 
Tool, an inftrument to work with. 18 
| Tooth, the indented patt on the edge of a wheel chat moves 
dome other wheel. Or what ſerves to cut, or take hold on. ; 
Tranſom, an overthwatt beam in a building. 
3 an engine ſtanding on three legs, to raiſe veights 
With. Fig. 1 
Trundle, the per which is catried about by the teeth of a 
Wooden wheel. The lantern or drum. Fig. 266. EF. 
Trunk, a hollow tube or box. my 
| Tumbler, a part in a machine that rolls about upon an axis, 
and plays back and forward. | 

Tumbrel, a __ TORT Te wood. 


 BXPLANATION or: TERMS. 
FT ympanum, 8 kind of wheel placed on an axle, and has ſtaves 


or rounds inſtead of teeth, „ WONy 6am: 
ne boo ROI ns. Bs 466. K. 


* * 44 4 t - 
7 ## f A , ** 1 8 m . - " 
o . " ' A «4 * - - 
I's : ; * & + « 4 » 9 2 ” 
We. | . $ 


Vakbe a piece of wood, Se. fo fitted into a 1 that it 
and lets a fluid paſs through one way ; and ſhuts and 


it the other. Fig. 268. J. A ſucking valve, is that — 


the water follows the piſton. A forcing valve, when it is 
driven through before it. 
Vane, a fail, or fan; generally to ſhow the point of the wind. 
Velocity, an affection of motion, and is that by which a body 
paſſes over a certain ſpace” eee time. Swiftneſs, or 


celeri 
lineal he moving or Top winging of a pendulum back and 


Vis inertiæ, a roperty o& 8 by which it reſiſts an 
preſſed force, and endegvours Comin i te ane ar 


ee « title; api a horizontal axis. Fig. 257, F 5 

Waterpoiſe, an inſtrument to try the ſtrength of liquors. A 
hydrometer. 

* the din breed part of an inſtrument, a the web of a 


Se. 


Wadge an inflrument to cleave wood. One of the mechanic 
age, tne the tendency of bodies done The matter raiſed 
Whol, 2 a machine confiflin of an axis and a circular-rim, with 


teeth in it, and then it Is called a toothed wheel. 
— Smooth, a wheel without teeth, turned by a rope. 


Wheel- and une, a mg uf to raiſe * One pf the me- y 


chanic powers, Fig. 3 


nud ant labas ti rocked handle, to wn, any ting 


about with.” FF 
Winder, a winch or handle to wind about. 


Wi „5a machine to. raiſe great weights. . 


it . to hoiſt the anchor. Ic 1 1s an Ape _ 
turned round * K 
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— *EXPFEANATION or TERMs. 
. ee, a mill to grind corn, moved by the wind." Fig. 266. 4 


Wing, a thin broad part that covers ſomething, or over. | 
it. Alſo what helps to _—_ motion to any thing, as 
the hands in a water Wheel; of a fail, Sc. 


ve + ral thrad rowing round « cylinder, mig « 
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